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© Recording apparatus with test pattern reader. 

© A correction data production apparatus includes a detecting unit (1014) for reading a test pattern formed by 
a recording head (1001) having a plurality of recording elements constituting an array, and for detecting a 
density distribution of a range of the array of the plurality of recording elements, a corresponding unit (1101 A) 
for causing the density distribution detected by the detecting unit to correspond to the plurality of recording 
elements on the basis of a reference position where a density of an end portion of the density distribution 
reaches a predetermined threshold value, a production unit (1020) for producing correction data for an image 
formation density uniforming drive conditions in correspondence with the plurality of recording elements on the 
basis of the density distribution corresponded by the corresponding unit, and a changing unit (1 101 B) for 
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changing the threshold value in accordance with characteristics of the test pattern. 

FIG. 11 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

s The present invention relates to an unevenness correction data production apparatus and an image 

forming apparatus and, more particularly, is suitable for an image forming apparatus for performing image 
formation using a recording head having a plurality of recording elements constituting an array. 

Particularly, the present invention relates to an apparatus having a mechanism for automatically 
controlling print characteristics of a recording head in an ink-jet recording apparatus and is especially 

w effective in an apparatus for forming a multi-gradation color image by overlapping ink droplets. 

Related Background Art 

Along with development of information processing equipment (e.g., a copying machine, a wordproces- 
15 sor, and a computer) and communication equipment, apparatuses for performing digital image recording 
using a recording head by using an ink-jet scheme, a thermal transfer scheme, or the like have been very 
popular as image forming (recording) apparatuses for equipment such as information processing equipment 
and communication equipment. In such a recording apparatus, a recording head having an array of a 
plurality of recording elements (to be referred to as a multi-head hereinafter) is generally used to increase a 
20 recording speed. 

For example, a multi-nozzle head having a plurality of ink orifices and a plurality of liquid paths is 
generated used in an ink-jet recording head. A plurality of heaters are generally stacked in a thermal 
transfer or thermal head. 

It is very difficult to uniformly manufacture recording elements of a multi-head due to variations in 

25 characteristics during the fabrication process and variations in properties of head constituting materials. 
Variations occur in the characteristics of the respective recording elements. For example, in the above 
multi-nozzle head, variations occur in shapes of the orifices and liquid paths. In the above thermal head, 
shapes of heaters and resistances inevitably vary. Nonuniformity of characteristics between the recording 
elements appears as nonuniformity of sizes of dots recorded by the respective recording elements and as 

30 uneven image densities of the resultant image. 

To cope with the above problems, various methods are proposed in which an uneven image density is 
visually found or an adjusted image is visually checked, a signal applied to each recording element is 
manually corrected, thereby obtaining a uniform image. 

For example, in a multi-head 330 having recording elements 331 arranged as shown in Fig. 1A, assume 

35 that input signals to the respective recording elements are uniformed, as shown in Fig. IB, and that an 
uneven image density is visually found, as shown in Fig. 1C. In this case, an input signal is corrected, as 
shown in Fig. ID. More specifically, a large input signal is supplied to a recording element corresponding to 
a low image density, and a small input signal is supplied to a recording element corresponding to a high 
image density, thereby generally performing manual adjustment. 

40 In a recording scheme capable of modulating a dot diameter or dot density, the diameter of a dot to be 
recorded by each recording element is modulated in accordance with an input to achieve gradation 
recording. For example, if modulation of a drive voltage applied to each injection energy generating element 
(e.g., a piezoelectric element or an electricity-heat conversion element) in an ink-jet recording head 
according to a piezoelectric scheme or a scheme utilizing heat energy, or a drive voltage applied to each 

45 heater in a thermal head or a pulse width of the drive voltage in accordance with an input signal is utilized, 
a dot diameter or a dot density by each recording element can be uniformed, and a density distribution can 
be uniformed, as shown in Fig. IE. Alternatively, assume that it is difficult to modulate a drive voltage or 
pulse width or it is difficult to perform density adjustment in a wide range even if the drive voltage or pulse 
width is modulated. In this case, if one pixel is constituted by, e.g., a plurality of dots, the number of dots to 

so be recorded in accordance with an input signal is modulated. A larger number of dots are assigned to a 
portion having a low density, while a smaller number of dots are assigned to a portion having a high 
density. If one pixel is constituted by one dot. the number of orifice-use times (the number of injection 
cycles) per pixel is modulated in the ink-jet recording apparatus, thereby changing the dot diameter. 
Therefore, the density distribution can be uniformed, as shown in Fig. 1 E. 

55 Japanese Patent Laid-Open Application No. 57-41965 filed by the present applicant discloses that a 

color image is automatically read by an optical sensor, and a correction signal is supplied to each ink-jet 
recording head to form a desired color image. In this prior-art invention, basic automatic adjustment is 
disclosed, and an important technique is thus disclosed. Various problems may be posed when this prior-art 
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invention is embodied in a variety of practical applications as various apparatuses. However, technical 
problems of the present invention are not found in this prior-art invention. 

Techniques except for a density detection scheme are disclosed in Japanese Laid-Open Patent 

Sf IOn ^^^ 2 Q ° 666a US ' P3tent 4 ' 328 ' 504 ' and J3panese Patent Laid -°P e " ^cation Nos. 50- 
147241 and 54-27728. A landing position of a liquid droplet is automatically read, and the read position data 
is ; corrected to perform landing to an accurate position. Although these schemes are common as automatic 
fnventions 1 ' qUeS ' the technical Problems of the present invention are not found in these prior-art 

In order to cope with the above problem, an uneven image density reading unit is arranged in an image 
forming apparatus, and an uneven image density distribution within the array of recording elements Is 
periodically read to rewrite an unevenness correction data, thus providing an effective countermeasure 
Accord.ng to this technique, even if the uneven image density distribution of the head is changed the 
unevenness correction data is rewritten accordingly, thereby always obtaining a uniform image free from 
unevenness. Such an image recording apparatus is proposed by the present applicant (U.S.S.N 480 041 
filed on February 14, 1990; and U.S.S.N. 516,129 filed on April 27, 1990). 

Fig. 2 shows an uneven image density reading unit 506 used in the above method. A recording medium 
501 has an unevenness measurement test pattern. The reading unit 506 includes a light source 502 for 
illuminating a surface of the recording medium, a reading sensor 503 for reading light reflected by the 
surface of the recording medium, and lenses 504 and 505. The reading unit 506 having the above 
arrangement .s scanned to read an unevenness distribution, thereby rewriting unevenness correction data 

Pig. 3 is a view for explaining a reading mode of a test pattern. A reading unit 506 is the one shown in 
F.g 2. A recording head 520 has recording elements 521 aligned within a range t in the direction of width 
(x direction) of a recording medium. A test pattern 524 has a predetermined width" W and is recorded upon 
appropriate dr.vmg of the recording elements 521 during relative movement (i.e., conveyance of the 
recording medium 501 in the y direction) between the recording medium 501 and the recording head 520 
This test pattern 524 is read upon scanning of the recording unit 506 in the x direction 

Fig. 4 shows another uneven image density reading unit. The reading unit comprises a line sensor 520 
comprising a CCD or the like having read pixels 521, and an unevenness correction test pattern 524 in 
wh.ch a recording element is formed by a width d in the y direction. The density of the test pattern is read 
by a recording head while the line sensor 520 is scanned in the x direction. Data read by the pixels 521 of 
^ding^d' ^ °° rreSPOnd t0 denS ' ty data formed by th_e respective recording elements of the 

Fig. 5 shows a relationship between scanning positions during scanning of the reading unit in the x 
direction and test pattern read densities in Figs. 3 and 4. As is apparent from Figs. 3 and 4, density data" 
has moderate leading and trailing edges. It is difficult to employ any point corresponding to a recording 
element located at the end of the recording head. For this reason, a threshold value of several tens of % of 
a maximum output is preset, and a point P having the threshold value is assumed as a reference point of 
the position of the recording element of the end portion of the recording head. The read data are caused to 
correspond to the recording elements on the basis of the reference point, thereby forming correction data 

A print duty of each pattern is not constant and is changed as needed. For example, a test pattern 
having a print duty of about 50% is generally used. However, when an uneven image density of a hiqh- 
dens.ty portion is to be concentratedly corrected, a test pattern having a print duty of about 75% is 
preferably used. When an uneven image density of a highlighted portion is to be concentratedly corrected 
a test pattern having a print duty of about 30% is preferably used. In order to obtain an average correction 
effect throughout the entire density range, three density distributions of 30%, 50%, and 75% are preferably 
measured to form correction data from their average value. 

In this manner, when a common threshold value is used at the time of a change in print duty an end 
position detected based on the print duties varies since the read density is changed with a change in print 

For example, referring to Fig. 5. when the threshold value T is kept unchanged upon acquirement of an 
unevenness distribution B by a change in print duty of a head having an unevenness distribution A the 
detected reference point becomes a position P', thus causing inaccuracy in correspondence between 
unevenness data and the recording elements. As a result, accurate correction may not be performed 

When an image forming apparatus has recording heads of two or more colors and unevenness 
correction .s to be performed for these heads, the following problem is posed 

For example, when spectral sensitivity of the reading head shown in Fig. 2 was close to a human 
luminosity factor according to an experiment of the present applicant, read densities of magenta, cyan and 
black heads were respectively 1.44, 1.46 and 1.55 under the condition that a read density of a yellow head 



_0663296A1 J_> 



EP 0 663 296 A1 



is set to 1. In this manner, since read densities are different depending on different colors, when the 
common threshold value is used, end positions detected for different colors are different from each other. 

For example, referring to Fig. 5, when the color of a head having the unevenness distribution A is 
changed to obtain the unevenness distribution B, and the threshold value B is kept unchanged, the detected 
s reference point is the position P\ thus causing inaccurate correspondence between the unevenness data 
and the recording elements. As a result, accurate correction may not be performed. 

Since the reading means described above is mounted in a recording apparatus, it must be simple in 
structure at low cost. For this purpose, read precision is inevitably limited. 

Uneven image densities having even a small difference are visually noticed. In order to read and correct 
to these uneven image densities, highly precise reading is required. 

Correction quantities by automatic control are obtained as follows. 

A test pattern (Fig. 6A) obtained by driving a plurality of recording elements under the same condition, 
i.e., by the same drive signal (the drive signal is defined as So in this case) is recorded. An optical density 
of the test pattern is not uniform due to variations caused by fabrication of the respective recording 
15 elements and variations caused by deteriorations over time, as shown in Fig. 6B. An uneven image density 
is caused. This uneven image density is read, partial densities ODi to OD N corresponding to all the 
recording elements are measured, and an average density as the correction target is obtained as follows: 

20 OD = t OD n /M 

n-l 

This average density need not be obtained by simply averaging the densities of the all the recording 

25 elements. For example, quantities of reflected light may be integrated and the integral values are averaged 
to obtain an average value, or another known method may be used to obtain an average value. 

If a relationship between image signal values and an output density of a given element or a given 
element group is given as shown in Fig. 7, a signal actually supplied to this element or this element group 
is obtained by correcting the signal S to obtain a correction coefficient a for obtaining the target density OD. 

30 A correction signal a-S obtained by correcting the signal S to a x S = (OD/OD n ) x S is supplied to the 
element n or the element group. More specifically, table conversion shown in Fig. 8 is performed for the 
input image signal in practice. Referring to Fig. 8, a straight line A is a line having a gradient of 1.0. This 
table is a table for performing no conversion of an input signal and directly outputting the input signal. A 
straight line B is a straight line having a gradient of q = OD/OD n . This table is a table for converting the 

35 input signal S into an output signal a*S. The table representing the straight line B in Fig. 8 is used for the 
image signal corresponding to the nth recording element, and table conversion having a correction 
coefficient a n is performed. Thereafter, when the head is driven, the densities of the portion recorded by the 
N recording elements are equal to OD. This processing is performed for all the recording elements to 
correct the uneven image densities, thereby obtaining a uniform image. That is, when data representing a 

40 correspondence between a given table conversion coefficient and an image signal of each recording 
element is obtained, unevenness correction can be performed. 

The above correction for density comparison may be performed for each nozzle group (3 to 5 nozzles) 
to perform correction in accordance with approximation of unevenness correction. 

As briefly described above, however, the following problem is posed by a sequence wherein light is 

45 incident on the test pattern, as shown in Fig. 6A, the quantity of light reflected by the test pattern is 
measured, a correction quantity is calculated by the above arithmetic operation method, and each recording 
element is driven by a corrected drive signal. 

In measurement of optical densities of end portions of a test pattern, as indicated by A and B in Fig. 
6A, i.e., measurement of the quantity of light reflected by the test pattern upon its radiation with light, values 

so having many errors caused by flare influences are inevitably measured, and recording by the recording 
elements corresponding to the portions A and B causes uneven image densities. 

Fig. 9B shows a typical distribution of the quantity of reflected light measured by an optical sensor 
upon radiation of a test pattern shown in Fig. 9A. At the time of recording of a test pattern, all the recording 
elements are driven in accordance with a common drive signal. As described above, quantities of reflected 

55 light are not kept constant due to variations in recording elements, resulting from various causes. An uneven 
image density is present in a recorded image. End portions outside the pattern and a recording medium are 
left white. The quantity of reflected light is large, and the quantity of light received by an optical sensor is 
also targe. For this reason, portions A' and B' (Fig. 9B) slightly inside the white portions receive flare 
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influences. When light quantity to density conversion is performed by a correction quantity calculation 
algorithm using the quantities of light received by the sensor, the optical densities have values smaller than 
actual values. In this case, a correction value for increasing a drive signal for a recording element so as to 
increase the optical density is undesirably calculated. As a result, an image obtained by correcting the 
5 above correction value may have a higher density at both ends thereof. 

In order to essentially solve this problem, flare must be eliminated. An optical system which satisfies 
this requirement becomes expensive. 

This arrangement still has the following points to be improved. 

Assume a read range of the sensor 503 under the condition that the reading unit 506 shown in Fiq 2 is 
w located at a given scanning position. When this range is inappropriate, the resultant read signal reflects 
recording characteristics of a large number of recording elements within this range. Uneven image densities 
represented by fringes having high spatial frequencies cannot be detected. Accurate reading cannot be 
performed due to an influence of a difference in the number of dots recorded within this range and a 
shortage of a light reception quantity. ' 
/5 The above arrangements still have points to be improved. 

At the time of reading of uneven image densities, a distance between the uneven image density readinq 
^ 3r !u- ^ reCOrding medium on which measurement test patterns are formed must be kept constant 
When this distance is changed, a detection result is changed accordingly 

A recording medium such as paper is often curled at a high or low humidity, and a distance between 
20 the uneven image density reading unit and the recording medium is often changed. 

In this state, the detection result does not necessarily reflect an accurate uneven image density of a 
recording head. It is therefore difficult to perform accurate uneven image density correction 

On the other hand, when a recording head is located near a read means, the recording head may 
adversely affect the read means. For example, in an ink-jet recording apparatus, an ink mist is attached 
>5 from the record.ng head to a reading sensor of the read means, or reading precision is degraded by a 
thermal influence. y 

When the reading head and the read means are arranged in a single apparatus, the recording head 
may adversely affect the read means. For example, in an ink-jet recording apparatus, an ink mist or water 
droplet is attached from the recording head to a read means to degrade reading precision. In this case 
accurate correction cannot be performed. Recording paper dust and any other dust may be generally 
attached to the reading unit. 

An uneven image density may be defined as an nonuniform density or discontinuity in a change in 
density. The uneven image density is typically caused not in a narrow range, e.g., in units of pixels but in a 
wide range. This uneven image density can be visually observed by an operator. For this reason an imaqe 

35 reading aperture of a sensor for reading this uneven image density can be set to be larger than the size of 
a dot recorded by each recording element. Since the width of a change in uneven image density is larger 
than the above aperture, even if correction data are formed on the basis of data obtained by reading an 
image at a low resolution, unevenness can be eliminated to a considerable extent 

In correction of uneven image densities, however, in order to improve correction precision, correction 

40 data are obtained, an image is read using the resultant correction data, and correction data are obtained 
again, thereby generally performing correction processing a plurality of times. In this case, as shown in Fiq 
10, an image area obtained upon first reading in correction processing and an image area obtained upon 
second reading may be subjected to aberration in positions on the recording sheet. In this case when a 
conventional sensor having a low resolution, i.e., a sensor having a large aperture, is used, it is difficult to 

45 specify an end of an image area in accordance with a sensor output. Therefore, a sensor output cannot be 
caused to correspond to each recording element corresponding to an image area. As a result, appropriate 
correction of each recording element cannot be performed. 

In order to solve this problem, a sensor having a high resolution, i.e.. having an aperture in units of 
pixels can be used. However, since this sensor is expensive, the resultant image forming apparatus 

so becomes expensive accordingly. y HH 

It is a concern of the present invention to provide an uneven image density correction data production 
apparatus capable of accurately correcting an uneven image density and an image forming apparatus 
In accordance with the invention there is provided apparatus as set out in claim 1 

In order that the present invention may be more readily understood embodiments thereof will now be 
described by way of example and with reference to the accompanying drawings, in which- 

Figs. 1 A to IE are views for explaining an uneven image density correction mode in a multi-nozzle head- 
f-tgs. 2, 3, and 4 are views for explaining reading units for performing uneven image density correction 
respectively; 



30 
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Figs. 5 to 10 are views for explaining an uneven image density correction algorithm; 

Fig. 11 is a diagram for explaining the principle of the first embodiment of the present invention; 

Figs. 12A and 12B are side views showing a line printer type ink-jet recording apparatus according to the 

first embodiment of the present invention; 

Fig. 13 is a perspective view showing an arrangement of a reading unit and its scanning mechanism 
shown in Figs. 12A and 12B; 

Fig. 14 is a graph for explaining a density correction mode in a multi-nozzle head; 

.Figs. 15 to 17 are side views showing arrangements each for keeping a distance between the reading 
unit and a recording medium; 

Figs. 18A to 18C are views for explaining a mode for increasing a dynamic range of a sensor light 
reception quantity corresponding to each color; 

Figs. 19 to 21 are views showing arrangements of a portion for reading an uneven image density of a 
test pattern in correspondence with its color; 

Fig. 22 is a view for explaining a scanning drive mode of the reading unit of this embodiment; 

Figs. 23A, 23B, and 23C are views for explaining variations in values read corresponding to variations in 

scanning rate of the reading unit; 

Fig. 24 is a block diagram showing an arrangement of a control system in an ink-jet recording apparatus 
according to this embodiment; 

Fig. 25 is a block diagram showing a detailed arrangement for an uneven image density correction 
system; 

Fig. 26 is a graph for explaining an uneven image density correction table used in this embodiment; 
Fig. 27 is a flow chart showing an uneven image density correction sequence of this embodiment; 
Fig. 28 is a view showing a state wherein an ID (identification) mark for performing uneven image density 
correction in accordance with types of recording media is formed on a recording medium; 
Fig. 29 is a graph for explaining a change in temperature of a recording head; 

Figs. 30A to 30C are views for explaining a mode for performing stable uneven image density correction 
without depending on temperatures; 

Fig. 31 is a view showing a case wherein an injection stabilizing pattern, an injection defect detection 
pattern, and an uneven image density correction test pattern are formed on a recording medium; 
Fig. 32 is a block diagram showing an arrangement of a main part of a control system for performing 
uneven image density correction for all the orifices of a recording head of a full multi-type recording 
head of this embodiment; 

Figs. 33 and 34 are timing charts showing apparatus operations starting with test pattern recording and 
terminating with uneven image density reading; 

Fig. 35 is a block diagram showing an arrangement for correcting an output magnitude difference caused 
by colors of unevenness reading sensors; 

Figs. 36A and 36B are views for explaining a correction mode in the operation in Fig. 35; 

Fig. 37 is a view for explaining a test pattern and a reading area according to this embodiment; 

Figs. 38A and 38B are views for explaining two modifications of this embodiment, respectively; 

Fig. 39 is a view showing the second embodiment in which the present invention is applied to a serial 

printer type apparatus; 

Fig. 40 is a view showing a reading system unit of the second embodiment; 
Fig. 41 is a view showing the third embodiment of the present invention; 
Fig. 42 is a view showing a reading unit of the third embodiment; 

Figs. 43 and 44 are views showing the fourth and fifth embodiments of the present invention, 
respectively; 

Fig. 45 is a view for explaining the principle of the sixth embodiment of the present invention; 

Figs. 46 and 47 are a block diagram and a flow chart, respectively, for explaining unevenness correction 

processing; 

Fig. 48 is a view for explaining the principle of the seventh embodiment; 

Fig. 49 is a perspective view showing a reference density sample formed on a reading platen; 

Figs. 50 and 51 are a block diagram and a flow chart, respectively, for explaining unevenness correction 

processing; 

Fig. 52 is a block diagram showing an arrangement for correcting differences in outputs in accordance 
with colors of unevenness reading sensors; 

Fig. 53 is a plan view showing another reference density sample formed on a reading platen; 
Fig. 54 is a plan view showing a reference density sample formed on a recording medium; 
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respecfve.y; " "* ^ *" eXP ' ainin9 '° len,h ^^odiments of the present invention, 

process^ ^ *'* " dia9ram ^ 3 "° W Chart ' ^P~ti«ly. lor explaining unevenness correction 
5 Fig. 60 is a view showing the eleventh embodiment of the present invention- 
Ng. 61 is a view for explaining a reading unit of the eleventh embodiment- ' 
Fig. 62 ,s a view showing the twelfth embodiment of the present invention 
Fig. 63 is a view showing the thirteenth embodiment of the present invention- 

io l 9 n£ correction; di39ram Sh ° Win9 " arran9emem °' 3 C ° n,ro ' ^ f0r ^'°™9 ""even image 
Fig. 65 is a view showing a state wherein an identification mark for performing uneven imaae densitv 
correct,™ ,s formed on a recording medium in accordance with types oi recording meTa ' * 
Fig. 66 s a view showing an injection stabilization pattern, an injection defect detection pattern and an 

> 5 F Z 67 ZTstT, C ° tre T t6S ' Pa * tern ' a " ° f WhiCh 3re fWmed 0 " a ™°> -edium 

density reading 9 Char ' S Sh ° W '' n9 ' W ° ° Pera,i ° nS ' ijB " ^ ^ <°™^ "d uneven image 

Fig. 69 is a view showing the seventeenth embodiment of the present invention- 
Fig. 70 is a v,ew showing the fifteenth embodiment of the present invention- ' 
Fig. 71 is a view showing a reading unit of the fifteenth embodiment- 

20 F,g. 72 is a view showing the sixteenth embodiment of the present invention- 
Fig. 73 is a v,ew showing the seventeenth embodiment of the present invention- 
Fig. 74 is a view showing a reading unit of the seventeenth embodiment 

shown'in Fig. 74" ^ '* eXP ' ainin9 meVe " im39e denSi,y COrreC,ion e rocessin 9 of the reading unit 

25 I? iS 3 view showin 9 tn e eighteenth embodiment of the present invention- 

Fig. 77 ,s a view showing the principle of a reading system according to the nineteenth embodiment- 
S STf^ correspondence between an image area and a reading se^uf in 

p' 9 ' In iS 3 fl ° W Chaft Sh ° Win9 reading P™ cessin 9 in the nineteenth embodiment- 

Ha 8? h I hinV. 9 ' h ! PrinCiP ' e °' 3 re3din9 SyS,em aCcordi "9 <° the twe "«*" embodiment- 
Fa 82 Ts - 1 dia 9^- showing the principle of the reading system of the twentieth embodiment 

Sorig to ^:^:z^::^ e ™ be,ween an ima9e area - a a — — — < 

^ Fig. 83 rs a flow chart of reading processing according to the twentieth embodiment. 
DETAILED DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 

The first embodiment of the present invention will be described in detail with reference to the 
accompanymg drawings in the following order. reference to the 

40 (1) General Description (Fig. 11) 

(2) Mechanical Structure of Apparatus (Figs. 12A and 12B) 

(3) Reading System (Figs. 13 to 23C) 

(4) Control System (Figs. 24 to 26) 

(5) Unevenness Correction Sequence (Figs 27 to 36B) 

(1) General Description 

Fig. 11 is a schematic view showing the main part of the first embodiment One or a niuralih, «f 
formed ima ^ densi,y readin 9 means 1014 causes the recording head 1001 to read a test pattern 

test pattern. A platen 1017 regulates the recording medium to be flat at the test pattern read position 
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A corresponding means 1 101 A causes an end orifice of all the orifices to correspond to a point having a 
density reaching a predetermined threshold value and for producing correction data for injection energy 
generation elements located inside the orifices. A threshold change means 1101B changes the threshold 
value in accordance with a print duty of a test pattern. The corresponding means 1 101 A reads a test pattern 
5 to obtain its density distribution and causes the density distribution to correspond to the aligned orifices on 
the basis of a reference point at which the density of an end portion in the density distribution reaches the 
predetermined threshold value. 

In this embodiment, a correction data producing function including these means is incorporated in the 
image forming apparatus itself. However, this function may be separately provided. 

10 

(2) General Description of Mechanical Structure of Apparatus 

Fig. 12A shows a general structure of an ink-jet recording apparatus according to this embodiment of 
the present invention. 

/5 Recording heads 1C. IM, 1Y, and 1BK correspond to cyan, magenta, yellow, and black inks, 

respectively. Each head is a full-line head having orifices at a density of 400 dpi (dots per inch) in a range 
corresponding to the width of the recording medium convey direction, e.g., the length of a short side of an 
A3 size recording medium. A head holder 3 holds the recording heads 1C to 1BK and can be moved in the 
A direction toward the recording position and the B direction away from the recording position by means of 

20 a head holder moving mechanism 5. The head holder moving mechanism 5 includes a driving source such 
as a motor, a transmission mechanism for transmitting a driving force to the head holder 3, and a guide 
member for guiding the head holder 3. The head holder 3 is moved in the appropriate A or B direction to 
the recording position at which the recording medium opposes the orifices of the recording heads tC to 
1 BK with a gap, a retracted position for allowing reception of a cap unit (to be described later), or a position 

25 where each head is capped. 

An ink supply/circulating system unit 7 includes supply paths for supplying color inks to the cor- 
responding recording heads, circulating paths for performing ink refreshing, and an appropriate pump. At 
the time of injection recovery, the pump is driven to compress the ink supply path, thereby forcibly 
discharging the ink from each recording head. 

30 A cap unit 9 opposes the recording heads 1C, 1M. 1Y, and 1BK can be brought into contact with them. 
The cap unit 9 includes caps 9C, 9M, 9Y, and 9BK made of an elastic material such as rubber, an 
absorbing member for absorbing an ink (waste ink) from the recording heads at the time of injection 
recovery, waste ink paths for receiving the waste inks to waste ink tanks (not shown). The cap unit 9 is 
moved by a cap unit moving mechanism 11. The cap unit moving mechanism 11 includes a motor, a 

35 transmission mechanism, and a guide member and moves the cap unit 9 in the C or D direction. Therefore, 
the cap unit 9 can be set to a position immediately below the head holder 3 located at the retracted 
position, and a position wherein downward movement of the head holder 3 is not interfered. 

At the time of injection recovery, the head unit 3 is moved upward in the B direction to a position where 
entrance of the cap unit 9 is not interfered. The cap unit 9 is inserted into the formed space, and the cap 

40 unit 9 is set at a position where the corresponding head opposes the cap. In this state, a state wherein the 
orifice formation portion of the recording head opposes the cap with a small gap upon downward movement 
of the head holder 3, or a state wherein the orifice formation portion of the recording head is in contact with 
the cap, a pump or the like of the ink supply/circulating unit 7 is driven. The ink is forcibly discharged, and 
at the same time injection defect factors such as dust, bubbles, and a viscous ink are removed, thereby 

45 stabilizing the ink injection state during recording. The recording head may be driven as in the recording 
mode in the above state to inject an ink (i.e., preliminary injection), thereby eliminating injection defect 
factors. At the end of recording or upon its interruption, the heads may be capped to prevent the orifices 
from drying. 

A cassette 38 stores recording media 2 such as OHP films. The recording media 2 stored in the 
so cassette 38 are separated and fed one by one by a pickup roller 39 rotated in the F direction. A conveyor 
belt 40 conveys the fed recording medium 2 to the recording position of the recording heads 1C to 1BK in 
the E direction. The conveyor belt 40 is looped around rollers 41. In order to improve tight contact between 
the conveyor belt 40 and the recording medium and assure smooth conveyance of the recording medium, 
and at the same time to obtain an optimal distance (head gap) between the head and the recording 
55 medium, a means for performing electrostatic attraction or air suction, or a member such as a press roller 
for the recording medium may be provided. 

The recording medium 2 is discharged by discharge rollers 42 upon completion of recording. A tray 43 
stacks discharged recording media. 

9 
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hJor R r 9 H, h ? V 9 Un " ' 4 iS '° Cated between the recordin 9 P° si «°" 0' «he recording 
heads 1C to 1BK and the discharge rollers 42 so as to oppose a recording surface of the recording medium 
2. The uneven image density reading unit 14 reads a pattern formed on the recording medium 2 during 
uneven image density correction. A mechanism 15 (to be described later with reference to Fig 13) scans 
Hie reading unit ,4 A driving unit 16 drives the respective convey members associated with the recording 
medium 2. i.e., the feed rollers 39. the rollers 41 , and the discharge rollers 42 

m ^ ,he "™ °' unev u en ima 9 e densi 'V correction, a recording medium (a fixed size sheet in this 
embodiment) stored m the cassette 38 is fed out onto the conveyor belt 40 as in the normal recording 
mode upon rotation of the pickup roller 39 in the F direction. Upon rotation of the rollers 41, the recording 
medium 2 ,s conveyed together with the conveyor belt 40 in the E direction. At this time, each recording 
head is driven, and a test pattern is recorded on the recording medium 2 

Thereafter, the recording medium 2 to which this test pattern is recorded is conveyed to the uneven 
image density reading unit 14. The recorded test pattern is read by a reading sensor or the l.ke. and then 
the recording medium is discharged onto the tray 43. 

»JnJ h,S t e f mb f di "! ent ' Since the fixed si2e Sh ^t on which a test pattern is formed is used, an 
arrangement for feed.ng a sheet except for paper feed using the cassette 38 (so-called manual paper feed) 
in favor of better operability may be employed. 

10 /' 9 ' i,lustrates an j nk system comprising the recording head {the recording heads 1C. 1M 1Y and 
are collectively illustrated) 1, and an ink supply/circulating system unit 7 

In the recording head, a common liquid chamber la is connected to an ink pipe connected to an ink 
T^T communicates with each ink orifice tb through a liquid path. An injection energy generation 
Tn^fZ ^ t eleCtriCity " heat conver ™" * -ranged in each liquid path, and an ink is 

injected from an onf.ce upon energization of the corresponding injection energy generation element 

An ink tank 701 serves as an ink source and is connected to the common liquid chamber 1a in the 
recording head 1 through ink paths 703 and 705. A pump 707 is arranged midway along the ink path 703 
and a valve 710 is arranged midway along the ink path 705. 

When the ink system is arranged as described above, when an operating state of the pump 707 and the 
modes V3lVe ^ appr0priately switched to set the ink astern in each of the following 



(D Print Mode 



An ink necessary for recording is supplied from the ink tank 701 to the head 1. Since this embodiment 

::tt q ::::t7:zT l printer * an ink is not pressurized durina recordina ' and the ^ 56 * - 

the headl m ° de ' ^ ^ * * ^ 1 the ink P * th 705 Up ° n injection of the ink from 



<2> Circulation Mode 



This mode is set when an mk ,s circulated to supply an ink to each head in initial use of the apparatus 
or when a bubble ,n the head or supply path is removed and at the same time the ink is refreshed This 
mode is set after the ink-jet printer is left unused for a long period of time 

tank l 7o7^r 0d h\h inC VI ,e l*n iS ° Pen PUmP 707 iS ° perated ' the ink is circulated to th * *k 

tank 701 through the ink tank 701, the ink path 703. the head 1, and the ink path 705 



(3> Pressure Mode 



When an ink inside the orifices of the head 1 has an increased viscosity or clogging occurs in the 
orifices or the ,qu,d paths, the ink is pressurized to forcibly inject the ink from the orifices 1b thereby 
removing the ink. ' ' 



In this mode, the valve 710 is open and the pump 707 is operated. The ink is supplied to the recordina 
head 1 from the ink tank 701 through the ink path 703. recording 
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(3) Reading System 

Fig. 13 shows the reading unit and its scanning mechanism according to this embodiment. 
A flat recording medium guide portion serving as a platen (a portion denoted by reference numeral 17 
5 in Fig. 12A) is disposed below a scanning portion of the reading head 60, the recording medium 2 is 
conveyed onto this guide portion, and an image formed on the recording medium is read by the reading 
head 60 at this position. The read position of the reading head 60 in Fig. 13 serves as the home position of 
the reading head 60. This home position is preferably a position laterally spaced apart from the recording 
medium convey range because reading members can get rid of attachment of water droplets caused by ink 
w evaporation. 

Referring to Fig. 13, the read head 60 is slid along a pair of guide rails 61 and 61' to read an image. 
The reading head 60 includes an original illumination light source 62, and a lens 63 for focusing an original 
image on a photoelectric conversion element group such as a CCD. A flexible cable 64 supplies a power to 
the light source 62 and the photoelectric conversion elements and transmits image signals from the 

is photoelectric conversion elements. The sensor may be a single aperture type sensor for reading reflected 
light within a predetermined range, or may be a sensor having a reading element array such as a CCD. In 
the latter arrangement, a plurality of reading elements are caused to correspond to one orifice. An average 
value of outputs from the plurality of reading elements is caused to correspond to one orifice. 

The reading head 60 is fixed to a driving force transmission portion 65 such as a wire in a main 

20 scanning (G and H directions) direction perpendicular to the recording medium convey direction. The 
driving force transmission portion 65 in the main scanning direction is looped between pulleys 66 and 66' 
and is moved upon rotation of a main scanning pulse motor 67. Upon rotation of the pulse motor 67 in the I 
direction, the reading head 60 is moved in the G direction and reads line information of an image 
perpendicular to the main scanning G direction. 

25 When image reading is performed by a predetermined width, the main scanning pulse motor 67 is 
rotated in the reverse direction, and the reading head 60 is moved in the H direction to the initial or home 
position. Support members 68 and 68' are fixed to both ends of the pair of rails 61 and 61'. 

When one main scanning cycle is to be performed for uneven image density reading, the reading 
operations are completed as described above. However, uneven image densities of a plurality of colors are 

30 to be read or when reading of one color is repeated a plurality of times and an average value is to be 
obtained, after main scanning G of a given color or one main scanning cycle is completed, the recording 
medium 2 is conveyed by the conveyor belt 40 or the discharge rollers 42 in the E direction by a 
predetermined distance (Fig. 12A) {one pitch between adjacent color patterns or the same distance d as the 
read image width in one main scanning G cycle). The recording medium 2 is then stopped. In this state, 

35 main scanning G is repeated. This main scanning G operation, the main scanning reverse H operation, 
movement of the recording medium (sub-scanning) are repeated to read the uneven image densities of 
different colors or one color a plurality of times. In the above operation, the reading unit may be sub- 
scanned instead of conveyance of the recording medium 2. When a sensor is a full-line sensor, a 
mechanism associated with main scanning can be eliminated. 

40 An image signal thus obtained is supplied to an image forming unit and is used for correcting drive 
conditions of the recording heads (to be described later). 

In the present invention, elimination of the uneven image density during image formation indicates at 
least one of the following effects. Image densities by liquid droplets from a plurality of orifices of the 
recording head can be uniformed by the corresponding recording head itself. Image densities in units of 

45 recording heads can be uniformed. A desired color can be obtained by mixing a plurality of ink colors, or a 
desired density can be obtained by mixing a plurality of ink colors. A plurality of these effects are preferably 
satisfied. 

An unevenness correction means is preferably a means for automatically reading a standard print for 
obtaining a correction condition and automatically determining a correction condition. This means may 
so include a fine adjustment unit or a manual adjustment unit operated by a user. 

Correction conditions include optimal print conditions, a condition for adjusting a value to fall within a 
predetermined range including an allowable range, and a condition for a reference density changed in 
response to a desired condition. In fine, all conditions associated with correction are included in the above 
correction conditions. 

55 Uneven image density correction of a multi-head having a recording element count N to converge print 

outputs from all elements into average density values will be described below. 

Assume that a density distribution is obtained by driving and printing all the elements (1 to N) in 
accordance with a given uniform image signal S, as shown in Fig. 14. Partial densities ODi to OD N 

11 
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eleven, n or the element group. More specifically, table c^s^J^ 8 is erfZed , ^ 2 

ble LTfah/T' P r ,iCe - Referri " 9 '° R ' 9 ' 8 - 3 S " aiQht line A is a n-ing a » o,1o This 
rafg ,^ 8 is I s^aiZ 'IT " Si °" °' a " ^ «« Greedy output,ing\eTnput ig^A 

nozJ^, ab ° V V ar9et COrrectlon ,or densi 'y comparison may be performed for each nozzle group (3 to 5 
A* ho nh C ° rreCtl0n ln aCCOrdance with apprOKimation of unevenness correction P ' 

S cT^Z^LTZl TT de9radati ° n and 3 Ch3n9e in PrapertieS ^ tLrl he e a n 
to ho d the > d stance to a predetermmed value, an arrangement shown in Figs. 15 to 17 can be employed 

sensor 73 h 9eme k" ^ ' 5 inC ' UdeS 3 ' e " S 74 f0r COllimatin 9 "9 ht emi «*d from a ght source 62 a 
^rZnl h 9 3 Ph0t0electric transducer element group, a lens 63 for focusing light re lected bv the 

The Nght reflected by the recording medium is incident on the sensor 73 through the lens 3 and the 
Pattern T^Z *" TWS inCident K ° ht is «8 h « 'ailing within a range d on the tlsl 
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When the reading unit including a lens, a sensor, and a light source is vertically displaceable in Fig. 13 
with respect to the scanning mechanism 15, rollers serving as press members may be mounted on the 
reading unit itself. In this case, when each roller has a caster structure, conveyance of the recording 
medium and movement of the reading unit can be smoothly performed. When reading is performed while 
s the recording medium is kept moved, the scanning direction is inclined to read the recording medium with a 
small load. 

Fig. 16 shows another arrangement for keeping a distance between the reading unit and the recording 
medium constant. In this structure, a press member 80 made of a transparent plastic material is formed at 
the bottom of a housing 76. 

to In this structure, the housing 76 which stores the reading unit and the scanning mechanism is spaced 

apart from the platen 17 by about 10 mm. When the recording medium 2 on which a test pattern is 
recorded comes below the reading unit, the housing is moved downward to cause the transparent plastic 
pressure member 80 to hold the recording medium 2. The reading head 60 scans the recording medium 2 
to detect an uneven image density. In this case, it is preferable that an image is completely fixed. 

;s With this structure, paper floating can be prevented, and accurate reading can be performed. Contami- 

nation of a light source 62 and a sensor 73 can be prevented by the transparent plastic press member 80 
which covers the lower portion of the housing. 

Fig. 17 shows still another arrangement for keeping a distance between the reading unit and the 
recording medium constant. Referring to Fig. 17, a housing 76 is vertically fixed but a cylindrical roller 81 

20 made of a transparent plastic material is pivotal about a shaft 82. The recording medium 2 is pressed by 
the transparent cylindrical roller 81 . An uneven image density can be read from the inside of the transparent 
cylindrical roller 81 while paper floating is prevented. In this structure, an uneven image density can be 
accurately detected. 

In addition to the above arrangements, an apparatus main body has recording medium clamping means 
25 on the upstream and downstream sides, and the recording medium is read between the upstream and 
downstream clamping means, thereby performing high-precision reading. 

When color image recording is to be performed using three colors, i.e., cyan (C), magenta (M), and 
yellow (Y), or four colors, i.e., the above colors and black (Bk), in order to rewrite unevenness correction 
data, correction test patterns must be recorded by the corresponding heads, uneven image densities must 
30 be read, and unevenness correction data for these heads must be rewritten. 

In unevenness reading of the C, M, and Y components, and particularly the Y component, when white 
color tight is radiated on a Y test pattern, and light reflected by this test pattern is received without being 
through a filter, a quantity of light received by the sensor 73 has a narrow dynamic range as indicated by a 
curve A in Fig. 18A. In this case, it is difficult to accurately read unevenness (an optical density difference is 
35 as small as about 0.02 to 0.15). When light passing through a BL (blue) filter as shown in Fig. 18B is used, 
the quantity of light received by the sensor can be reduced, but the dynamic range is increased, as 
indicated by a curve B in Fig. 18A. In this case, unevenness reading precision can be increased. This can 
apply to the C and M components when R (red) and G (green) filters are used. 

Fig. 19 shows an arrangement for switching these color filters. A color filter switching portion 79 can be 
40 pivoted about a shaft 79A to properly and selectively locate an R filter 77R, a G filter 77G, a BL filter 77BL. 
or a BK aperture (no filter) 77BK on an optical path to the sensor 73 during reading of the test pattern of 
each color. The aperture or each filter has a diameter as in do described above. 

Unevenness correction of each color can be accurately performed by using the single unevenness 
reading sensor 73 and the light source 62. 
45 The positions of the filter are not limited to specific positions on the optical path L extending from the 
light source 62 to the sensor 73. In order to correct the quantity of received light whose magnitude is 
reduced by filtering through the filters, a quantity of light emitted from the lamp source can be increased to 
compensate for its decrease, thereby widening the dynamic range, as shown in Fig. 18C. In a manner to be 
described later, an appropriate constant may be multiplied or a signal may be amplified in accordance with 
so a given color (to be described later). 

In addition, light sources may be switched instead of switching the color filters described above. 
Fig. 20 shows an arrangement for switching between light sources. Four light sources 62R, 62G, 62BL 
and 62 W having R. G, BL, and white spectral characteristics are switched as in the above arrangement, 
thereby obtaining the same effect as in the above arrangement. 
55 A mechanism for preventing floating of the recording medium 2 and an arrangement for increasing the 

dynamic range in accordance with colors can be integrally formed. 

Fig. 21 shows an arrangement integrally having the mechanism for preventing floating of the recording 
medium 2 and the arrangement for increasing the dynamic range in accordance with colors. A transparent 



13 



SNSOOCID: <EP_0663296A1 J_> 



EP 0 663 296 A1 



As a de^ibld he a hn adin , 9 h head h H VinQ arra "9 ement i" "0- 13 will be described below 

- r.r;r ssssssssasssessr rrr j*» 

40 (4) Arrangement of Control System 

- usmssm 



14 



BNSDOCID: <EP__066a296A1 J_> 



* 



EP 0 663 296 A1 



masking, UCR (Under Color Removal), color balance control of image data associated with recording. 

A head driver 112 drives each ink injection energy generation element of the recording head 1 (the 
heads 1Y, 1M, 1C, and 1BK are collectively represented). A temperature adjustment unit 113 adjusts a 
temperature of the recording head 1. More specifically, the temperature adjustment unit 113 includes 
5 heating and cooling fans arranged in correspondence with the head 1 . A driving unit 1 1 4 drives the color 
filter switching unit 79 described with reference to Fig. 19, and a driving unit 116 drives the respective 
motors for driving the recording medium convey system. 

Fig. 25 is a block diagram showing a detailed arrangement of the system for correcting the uneven 
image density in the arrangement shown in Fig. 24. The image processing unit 1 1 1 outputs cyan, magenta, 
w yellow, and black image signals 121C, 121 M. 121 Y, and 121 BK. Unevenness correction tables 122C, 122M. 
122Y, and 122BK are arranged for the cyan, magenta, yellow, and black components, respectively. The 
unevenness correction tables 122C, 122M, 122Y, and 122BK can be stored in the area of the ROM 102 and 
output corrected image signals 123C, 123M, 123Y, and 123BK. Binarizing circuits 131C to 131BK use a 
dither method, an error diffusion method, or the like and supply binary signals to the color heads 1C to 1BK 
;s through drivers 1 12 (not shown in Fig. 25). 

The reading unit 14 reads color signals 126C, 126M. 126Y, and 126BK through the respective color 
filter and the aperture shown in Fig. 19. These color signals are input to an A/D converter 127. An output 
from the A/D converter 127 is temporarily stored in a RAM area 1 19 which is an area of the RAM 104. The 
CPU 101 calculates corrected data 128C, 128M, 128Y, and 128BK on the basis of the stored signals. 
20 Unevenness correction RAMs 129C to 129BK are arranged for the cyan, magenta, yellow, and black 
components, respectively, and are constituted by the areas of the RAM 104. Corrected signals 130C to 
130BK output from the unevenness correction RAMs 129C to 129BK are supplied to the unevenness 
correction tables 122C to 122BK. The image signals 121C to 121 BK are converted to correct unevenness of 
the heads 1 C to 1 BK. 

25 Fig. 26 shows an unevenness correction table. In this arrangement, 61 straight correction lines having a 

gradient Y = 0.70X to Y = 1.30X in units of 0.01 are available. The correction straight lines are selectively 
used in accordance with the unevenness correction signals 130C to 130BK. For example, when a pixel 
signal representing recording using an orifice having a large dot diameter is input, a correction straight line 
having a small gradient is selected. However, a correction straight line having a large gradient is selected 

30 when an orifice having a small dot diameter is selected, thereby correcting the image signal. 

The unevenness correction RAMs 129C to 129BK store selection signals of correction straight lines 
necessary for' correcting unevenness of the heads. More specifically, correction signals, the number of 
which is equal to the number of orifices and each of which have 61 different values of "0" to "60", are 
stored in the unevenness correction RAMs 129C to 129BK. The unevenness correction RAMs 129C to 

35 129BK output the unevenness correction signals 130C to 130BK in synchronism with input image signals. 
The signals 123C to 123BK whose unevenness is corrected by 7 lines selected by the unevenness 
correction signals are input to gradation correction tables 130C to 130BK, respectively. The gradation 
characteristics of the input signals are corrected, and the resultant signals are output. These signals are 
binarized by the binarizing circuits 131C to 131 BK. The binary signals drive the heads 1C to 1BK through 

ao head drivers, thereby forming a color image. 

(5) Sequence of Unevenness Correction 

The following processing with the above arrangement is performed to accurately perform unevenness 
45 correction. 

By performing the unevenness correction processing, an injection energy generation element cor- 
responding to an orifice for a high density portion of the head is set to have a lower driving energy (e.g., 
driving duty). However, an injection energy generation element corresponding to an orifice having a low 
density of the recording head is set to have a high driving energy. As a result, the uneven image density of 

50 the recording head can be corrected, and a uniform image can be obtained. When the uneven image 
density pattern of the head is changed during use. the present unevenness correction signal becomes 
inappropriate, so that unevenness occurs in the image. In this case, the correction signal rewriting mode 
indication switch arranged in the indication input unit 106 is operated to perform unevenness correction data 
rewriting, thereby starting the following sequence. 

55 Fig. 27 shows an unevenness correction processing sequence of this embodiment. 

When this sequence is started, an input representing a type of recording medium is accepted in step 
Si. A message of "Input the type of currently used recording sheet." is displayed on the display unit 110 
of, e.g., a liquid crystal panel. The operator designates the type of currently used recording medium with a 
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temperature of 40 * C. However, unevenness is still left in an image formed at a head temperature of 50 " C. 

In the apparatus of this embodiment, the temperature adjustment unit 1 13 (heater and fan) are properly 
turned on/off in accordance with the temperature of the recording head 1 in the normal recording mode or a 
recording standby mode, thereby maintaining the recording head temperature within a predetermined 

5 temperature range (about 40 *C), as shown in Fig. 29. To the contrary, in uneven image density correction 
processing, a setup temperature is increased to 45 • C. More specifically, the temperature adjustment 
standard in test pattern printing is set higher than the temperature adjustment standard of the normal 
recording mode. By appropriately turning on/off the heater and the fan, the head temperature is increased 
to about 45 "C, and an uneven image density check test pattern is recorded, thereby performing uneven 

w image density correction is performed on the basis of the recorded test pattern. In this manner, recording of 
a recording head can be stably performed by temperature adjustment. That is, for example, a test pattern is 
formed at the head temperature of 45 * C, and the uneven image density correction is performed on the 
basis of the test pattern, as shown in Fig. 30C, thereby performing almost uniform uneven image density 
correction. 

15 In this embodiment, test patterns are printed at the head temperature of 40 • C as the first temperature 

adjustment standard and 50 °C as the maximum temperature (i.e., the second temperature adjustment 
standard), uneven image densities of these two test patterns are detected, and correction may be 
performed by an average value of the uneven image densities (i.e., first and second density data). 

In order to shorten the total uneven image density correction time and increase the head temperature 

20 from, e.g., 40 "C to 45 "C, an electrical pulse which does not allow ink injection may be applied to recording 
elements (electricity-heat conversion elements) in addition to the temperature adjustment heater to shorten 
a rise time of the head temperature, thereby shortening a predetermined period of time until uneven image 
density correction is started. 

Alternatively, in order to record the following uneven image density correction test pattern, perform 

25 correction, and decrease the head temperature (45 *C -* 40 *C) to the normal recording state, the fan is 
driven and the ink circulation as previously described is performed to shorten a period of time required until 
a recordable state is set. 

In addition, the adjustment temperature in the test pattern recording mode can be appropriately 
determined in association with the temperature adjustment range in the normal recording mode, as a matter 
30 of course. 

Referring back to Fig. 27, an injection stabilizing operation is performed in step S9 due to the following 
reason. When a recording head does not have normal injection characteristics due to an increase in 
viscosity of an ink, and mixing of dust and bubbles, and when uneven image density correction processing 
is performed in this state, accurate head characteristics (i.e., faithful unevenness) cannot be recognized. 

35 In injection stabilizing processing, the recording heads 1C to 1BK are set to oppose the cap unit 9. the 

pressure mode is set, and the ink is forcibly discharged from orifices. Orifice surfaces can be cleaned by 
bringing the ink absorbing member arranged in the cap unit into contact with the orifices or by air blowing 
or wiping the orifice surfaces. The recording head can be driven in the same manner as in the normal 
recording mode to perform preliminary injection. Note that driving energy at the time of preliminary injection 

40 is not necessarily equal to that in the recording mode. That is, the same operation as in a so-called injection 
recovery operation in the ink-jet recording apparatus may be performed. 

In place of the above operations or after it, an injection stabilizing pattern may be recorded on a 
recording medium. Thereafter, a test pattern for uneven image density correction may be recorded. 

Fig. 31 shows recording of these patterns. A pattern (£) is an injection stabilizing pattern, a pattern (§) is 

45 a test image pattern for testing the presence/absence of non-injection (this pattern is formed by sequentially 
driving orifices while a recording medium is being fed in Fig. 31), and a pattern © is a test pattern for 
detecting an uneven image density. The injection stabilizing pattern is obtained by driving all the orifices of 
all the recording heads, i.e., a 100% duty. By recording this injection stabilizing pattern, the head 
temperature is stabilized, the ink supply system is set in a steady state, conditions for normal recording are 

so given, and the presence/absence of injection errors or orifice defects during actual printing and the uneven 
image density can be accurately detected. 

In an apparatus having the full multi-recording head 1 and a regist adjustment such that a maximum 
recording width is a slightly larger and an image recording width, the recording width of the test pattern 
during recording is preferably larger than the normal image recording width. Assume that a maximum sheet 

55 size is an A3 size, that a maximum recording sheet size is about 293 mm determined by considering right 
and left margins with respect to 297 mm, i.e., the short side of the A3 size or the long side of an A4 size, 
and that a maximum recording width of the recording head is 295 mm. The orifice array range is electrically 
adjusted, and positional errors between the mechanical heads and between the recording media are 
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t°n^ Cte f^ ,hi$ CaS6 ' 3 T °' W ' d,h °' 295 mm 38 the ° ri,iCe arra * ran 9 e ' and a te => P^ern having a 
length of 295 mm is recorded. 

Fig. 32 is a block diagram showing an arrangement of a circuit for performing the above operation A 
selector 141 selects data to be supplied to the recording head in accordance with image data to be 
recorded and test pattern data. Memories 143 and 145 store the image data to be recorded and test pattern 
data, respectively. A counter 147 is arranged to cause an AND gate 149 to select an actual orifice array 
range .n actual recording. In the above arrangement, the AND gate 149 outputs image data corresponding 
to 293 mm ,n actual recording to the selector 141. In the test pattern recording mode, the test pattern data 
corresponding to 295 mm is output from the test image memory 145 to the selector 141. Therefore a test 
can be performed using a test pattern having a length of 295 mm. 

When the above injection stabilizing processing is completed, and indication or designation of a print 
duty .s performed in step S10 (if the "high density", the "intermediate density", and the "low density" are 
set, they are set to be 75%. 50%, and 30%. respectively). A threshold value for setting a position serving 
as a reference position of an end orifice of the recording head 1 is set (e.g., 1/2 the read density) For 
example ,f a read density of a uniform halftone having a duty of, e.g., 50% is about 0.78 for black the 
threshold value ,s 1/2 the read density, i.e., 0.39. However, the threshold value need not be limited to 1/2 
the read density For example, when a reflection density of the recording medium itself is relatively high 
the threshold value ,s preferably set to be 1/2 the sum of the reflection density and a color read density ' 
Predetermined lest patterns (to be described later with reference to Fig. 37) are recorded by the 
recording heads 1 C to 1 BK in step 811. and uneven image densities are read from these test patterns In 
to a Um!n?c^art''in a Fig P 33 ati0n ^ Pa " em re ° 0rdin9 a " d readin9 Cycle wiM be Ascribed with reference 
Fig. 33 is a timing chart showing an operation of the apparatus of this embodiment. An uneven image 
density correction sequence is started at a timing a in Fig. 33. After the above processing is completed 
when the recording medium 2 is conveyed to the image forming area at a timing b, the main scan motor is 
driven at a timing c. Drivers for the cyan, magenta, yellow, and black recording heads 1C, 1M 1Y and 1BK 
are driven at timings d e. f, g. In steps S11. S21. and S31 of Fig. 27. test patterns are recorded on the 
recording medium 2. This test pattern is used to read an uneven image density. In this case the 
unevenness correction tables represent straight lines having a gradient of 1.0. and a state in which 
unevenness correction is not performed is set. Test patterns are uniform halftone patterns and appropriate 
print ratios can be set. 

When the test patterns are to be recorded on the recording medium 2 by the corresponding recording 
heads an .nk cannot be instantaneously absorbed from each recording head to a recording medium 
depending on the types of recording media. An uneven image density of the test pattern recorded on the 
35 recording medium is not immediately stabilized. 

In this embodiment, in order not to cause the uneven image density reading unit 14 to read the uneven 
■mage density of the test pattern until the uneven image density state of the test pattern recorded by each 
recording head ,s stab, zed, a recording sheet is not fed and is kept stopped for a predetermined period of 
t.me t after recording of the test pattern by the recording head is completed (step S13 in Fig. 27) After the 

ZulTZT d r itV Sta K ° f T tGSt Pattem iS StabMiZed ' the reC ° rdin 9 Sheet is conve * ed * « timing i. 
When the C pattern reaches the reading apparatus, feeding of the recording medium is stopped The 

reading sensor 17 is driven at a timing j, and the uneven image density of the C test pattern is read by the 
rearing unit 14 Thereafter, the uneven image densities of the M, Y, and BK color components are read at 
timings k, t_, and m, respectively (step S15 in Fig. 27), 

According to an experiment conducted by the present inventors, when a test pattern was recorded on 
an ink-jet recording coated sheet by a recording head having a resolution of 400 dpi at a print ratio of 50% 
the recording sheet stop time was as short as about 3 to 10 seconds. 

Fig. 34 is a timing chart showing another operation of the apparatus of this embodiment In this 
operation, when recording of a test pattern by a recording head is completed (time g') at a convey speed v, 
of conveying the recording medium to the recording position, and then the recording medium is to be fed to 
the uneven image density reading unit 14, the paper feed speed is reduced to satisfy condition Vt > v 2 The 
same effect as in Fig. 33 is obtained. 

After fixing stabilization described above is completed, uneven image density reading processing is 
performed ,n step SI 5 in Fig. 27. The unevenness values of the test patterns of the respective colors are 
read, and unevenness correction data for the heads are calculated (step S17) 

rhJn^' 3 *T°f m ? nt ' aUh0U9h the feading SenS ° r 73 is 3 sin 9 ,e unit ' sensor rea d outputs generally 

fac^^n ! ,h £ e * amp,e ' Wh6n 3 SenS ° r h3Ving SpeCtra ' ^racteristics close to a luminosity 

factor is used, the BK component has the maximum output density, and the output densities are reduced in 



30 



40 



45 



55 



18 

BNSDOCID: <EP__0663296A1 J_> 



EP 0 663 296 A1 



an order of C. M, and Y. For example, an output ratio of BK : C : M : Y is given as 1 : 0.8 : 0.75 : 0 25. 

An uneven image density correction quantity is obtained by a ratio of an intrahead average density and 
a density of an orifice of interest, output differences do not pose any problem. Assume that an output for C 
is Ki times the output for BK. An average density of the head 1BK is defined as OD B k. a density of an 
5 orifice of interest in the head 1C is defined as OD BKn , an average density of the head 1C is OD c , and a 
density of an orifice of interest in the head 1C is defined as OD cn . If unevenness of the orifice of interest in 
the head 1BK is equal to that of the head 1C, sensor outputs OD c = Ki x OD BK and OD cn = Ki x OD BKn . In 
this case, a correction value for the C component is equal to that of the BK component as follows: 



10 



ODc = *i x OD BK = OD BK 
OD cn K r x OD BKn ~ OD BKn 



For this reason, output differences between the color components do not pose any problem. 
When an uneven image density correction value is obtained from an absolute value of a density of an 
orifice of interest and a difference between an average density and the density of the orifice of interest, 
sensor output differences between the color components pose a decisive problem. 
20 For example, when a correction value is to be obtained from a difference between an average density 

and a density of an orifice of interest, the following relation is established: 



OD c - OD cn = K\ (ODbk ~ OD BKn ) 



25 This value for the C component is Ki times that of the BK component. Correction data for the orifice of 
interest is obtained on the basis of the above value. Although the uneven image densities of the heads are 
equal to each other, the final correction value for the BK component is different from that of the C 
component. 

In this embodiment, a ratio of sensor outputs of the respective colors is obtained. At the time of 
30 unevenness reading, the CPU 101 multiplies the sensor outputs with a reciprocal value of this ratio. 
Unevenness correction is then performed on the basis of the calculated products. 

If an output ratio of BK : C : M : Y is given as 1 : Ki : K 2 : K3, an output obtained upon reading of the 
BK component is multiplied with 1 , an output obtained upon reading of the C component is multiplied with 
1/Ki, an output obtained upon reading of the M component is multiplied with 1/K 2 , and an output obtained 
35 upon reading of the Y component is multiplied with I/K3. 

With the above technique, the following relation is obtained: 



X/K x x (OD c - OD cn ) = l/K x iK, x (OD BK - OD BKn )\ 



= OD BK - OD BKn 



Optimal correction can be performed without being influenced by the ratio of sensor outputs of the 
45 respective colors. 

Sensor output correction need not be performed by the CPU 101, but can be performed in the 
preprocessing section. 

When the A/D converter 127 comprises, e.g., an 8-bit A/D converter, an output value of each color must 
be converted into 8-bit digital data of the dynamic range. This is very effective against a decrease in 
50 resolution of the read data of each color. 

As shown in Fig. 35, amplifiers 135C, 135M, 135Y, and 135BK are arranged to amplify read signals of 
the respective colors. Sensor outputs of the read signals of the respective colors in Fig. 36 A are set to be 
almost equal to each other, as shown in Fig. 36B. The read signal width for A/D-converting the read signals 
can be set narrow as a whole. A read data resolution in an 8-bit arrangement can be increased, and the 
55 read precision can further be improved. 

Fig. 37 is a view for explaining a test pattern and an operation for reading this test pattern according to 
this embodiment. A test pattern T has a formation range Wi in a recording medium convey direction E. The 
reading unit 14 has a read range (length Ri = d in Fig. 4) in the direction E. Uneven image density 
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margins a. both sides'in the LZtZ^on " ' ^ °' W " with su « icie "' 

pattern @ inF^a,,^^,^^^^;^- 27 " Pf0CeSSi ^ *» f °"^ the 

More specificX 5 sigll^^ptd '^S, 817 °' ^ ^ UneVen " eSS C °" eCti ° n ™ be P**™*- 
sa m p, ed P si g na ls y cor;espon^ ^ toX" l^o ori^ h L ma9e ^ Si9na ' S ' and the " Umb6r ° f 
corresponding ,o ,he offices. For « ^ da a a e 3^,^ ^TfN ^h 

orifices) and are temporarily stored in the RAM 1 1Q Th» ?„hL (N 18 the num ber of 

These data are p'ocesL and ^^^t^X: " * - C ™ 

C n = -log(R n /R 0 ) 

where R 0 is the constant satisfying condition R 0 SR n ;UnSN 

o f ^■pTT^'rid" prr^,^ r %r v 1/2 ,he ~ - 

defined a c p a „H d -ru tnreshold value along the reading unit scannina direction arp 

these points by ia dot are defined as 1^!'/ t ^ Sh " ted inSide the test P at,er " ,r ° m 

for C, and C„. corresponding to the end orifices. This data is employed 

An average density is then calculated as follows: 

C = £ CjN 

.0 c^aHL: ab6rra,i0n °' ^ d6nSity — P°"^9 <° each orifice from the average density is 
ACn = A x AC,, 

A signal correction quantity (AS)n corresponding ,0 (AC,n is then obtained as fol.ows: 
ASn = A x ACn 

Where a is the coefficient determined by gradation characteristics of a head 

so o^x^^^z^^:::^:" ^rr wi,h ^ - 
^zdsr da,a The 

1 est patterns are recorded bv the resoecHvp rP rnrHinn 
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In this embodiment, in one processing for one recording medium, recording of the test patterns with the 
recording heads, reading of the test patterns, and calculations of the uneven image density correction data 
can be automatically performed a plurality of times. Therefore, even if an uneven image density of a given 
recording head cannot be sufficiently corrected by a single unevenness correction operation, this density 
5 can be corrected to improve uneven image density correction precision of each recording head, thereby 
shortening the total correction time. 

In this embodiment, only one print duty is manually set. However, when a plurality of print duties are to 
be designated, e.g., when unevenness correction data are to be formed for three patterns having print 
duties of 30%, 50%, and 75%, it is cumbersome to set each duty at a time. As a modification of this 
to embodiment, a plurality of duties can be simultaneously set to facilitate unevenness correction. 

In this embodiment, the same control system as described above can be employed. A plurality of print 
duties, e.g., 30% and 50%, or 30%, 50%, and 75% can be selected in step S6 in Fig. 27. When patterns 
having duties of 30% and 50% are selected, a 30% pattern T\ and a 50% pattern T 2 are printed on a 
recording medium 2, as shown in Fig. 38A. A threshold for the 30% pattern is set first, and the 30% pattern 
is Ti is read. When reading of the 30% pattern Ti is completed, a threshold value for the 50% pattern T 2 is 
set, and the 50% pattern T 2 is read. Various methods can be employed to select an appropriate threshold 
value such that conveyance of the recording medium 2 is monitored and an appropriate threshold value is 
selected in accordance with a monitoring result. 

With this above arrangement, even if a plurality of test patterns are required, a threshold value need not 
20 be set every time, thus eliminating cumbersome operations. 

As another modification, a mark representing a print duty of a test pattern may be printed, a print duty 
may be judged upon reading of the mark, and an optimal threshold value may be set. 

Fig. 38B show test patterns of this embodiment. A mark Mi represents a test pattern having a print duty 
of 30%, and a mark M 2 represents a test pattern having a print duty of 50%. 
25 Prior to printing of a 30% test pattern, the mark Mi representing the print duty of 30% is printed. The 

mark M 2 representing the print duty of 50% is printed prior to printing of a 50% test pattern. The reading 
head reads the mark Mi , determines an uneven image density print duty, sets an optimal threshold value, 
and reads the test pattern T, . 

The reading head reads the mark M 2 , determines the corresponding print duty, sets an optimal 
30 threshold, and reads the test pattern T 2 using the optimal threshold. 

With the above technique, threshold values can be automatically set. 

In the above arrangements, the threshold values are selectively used in accordance with the different 
print duties. Different read densities are obtained depending on different colors of test patterns. If a 
predetermined threshold value is set regardless of colors, a position serving as a reading reference of an 

35 end orifice cannot often be detected. The threshold value may be changed in accordance with a change in 
color. This is very effective to control a light emission quantity of a light source for test pattern reading, to 
calculate an optimal constant corresponding to a color in response to a read output, or not to amplify a read 
output. When this control operation is to be performed, a uniform density is not necessarily obtained at an 
end portion regardless of colors. The change in threshold value depending on a change in color can be 

40 effectively used in this embodiment. 

In the above embodiment, test patterns are formed and unevenness correction is performed when the 
type of recording medium is predetermined. However, test pattern formation and unevenness correction 
may be performed regardless of types of recording media. In this case, test patterns having appropriate 
duties corresponding to types of recording media are formed, the test patterns are read, and unevenness 

45 correction is performed on the basis of the read result. At the same time, a change in threshold value can 
be performed in accordance with a change in the type of recording medium. 

An embodiment obtained by applying the present invention to a serial printer will be mainly described 
below. In the following embodiments, the same control systems and processing sequences as described 
above can be employed, as a matter of course. 

so Fig. 39 is a schematic view showing the seventh embodiment obtained when the present invention is 

applied to a serial printer type ink-jet recording apparatus. Recording heads 201 C, 20 1M, 20 1Y, and 201 BK 
receive cyan, magenta, yellow, and black inks from ink tanks (not shown) through ink tubes, respectively. 
The inks supplied to the recording heads 201 C, 201 M, 201 Y, and 201 BK are driven in accordance with a 
recording signal corresponding to recording information supplied from a main control unit almost identical to 

55 that in Fig. 24. Ink droplets are injected from the respective heads to record information on a recording 
medium 202. 

A convey motor 208 is a driving source for intermittently feeding the recording medium 202. A main 
scan motor 206 for driving a feed roller 204 and a convey roller 205 serves as a driving source for driving a 
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^LTmlT 9 Carria9S in direCUOnS ° f arr ° WS A and 8 throu9h a mai " canning belt 210 In this 
«r 0 ^Vp C rLr r ' eed COn,r0 ' " reqUir6d - ^ ^ ' eed 208 - - - 

When the recording medium 202 reaches the paper feed roller 205, a paper feed roller clutch 211 and 

l e ,e C n°7o7 y T" 208 H afe r0tat6d '° C ° nVey ' he rSCOrdin9 medium 202 <° "nvey o ,e 204 a one f 
platen 207 The record, ng medium 202 is detected by a sensor 212 arranged on the platen 207 and a 
detect,on s,gnal from me sensor 2,2 is used for position contro.. jamming control, and the When the 

ZT 2 0sTeZ n lT^T S r r °" er 2 ° 4 ' PaP6r * eed r °" er ClutCh 2-1 and th^conv y 

-o inside he oto t h J ^'V™' Sh ° Wn> * ° perated t0 start a suction °P e ^°" *>m <he 
Is an ?ml Qe h D d '" 9 med ' Um 202 iS br ° U9ht int0 « 9h ' contact with th e P'aten 207 serving 

scannmg carnage 203 is returned to the home position sensor 209. During backward scanning paper 
feed.no by a length of sheet recorded with the recording heads 201C to 201BK is per Jme b causino 1 
convey motor 208 to drive the convey roller 204 in a direction of an arrow C per,0rmed * causln 9 the 

20 for ^tT^lTT^ °' re ° 0rdin9 h6adS 201C to 201BK emprises an ink-je. recording head 
foj form,ng a bubble by heat and injecting an ink droplet by a pressure of the bubb.e. Four inHetTcord!na 
heads each having 256 orifices are used as the recording heads 201C to 201BK 9 

209 W a he ln e e SCannin9 t Carria f 203 iS S ' 0PPed 3t ,he h ° me P ° sition detected ^ the home position sensor 
,s V ° Pe ? tl0n °' ,he reC ° rdin9 headS 1 is P^'ormed once by a recovery unit 220 1 This 

n T S h a ' Per ' 0rmin9 3 StablS reC ° rdin9 ° pera,i0n - ° rde ' 10 P' ev en» injection start unevenne s 

oo The operations described above are repeated to record an image on the entire surface of the recordinn 
■ med.urn. Under the control of a control circuit 2,5, an uneven image density r^gZ^^^t 

heads 20<C to 20IBK and outputs read Signals. The uneven image density reading unit 2,4 is arranoed 
outs.de the ,mage recording area. In this embodiment, the uneven image density reading unit 2,71s 

heTdTln ^ reC ° rdin9 SUrf3Ce °' reC ° rdin9 medium ° n the clolnstream sde oftheTeco ding 
head along the convey d.rection (i.e., the direction of the arrow C) of the recording medium 202 

descr.bed above, the recording medium 202 on which test patterns are recorded is i.lumi^eZ.h a lioM 
source 218. Record.ng densities of the test patterns recorded on the recording medil by the ecordfna 
<o ensorsl./C ^T^IE?,™ ' *" ^ ^ -X the" a In 

w^^Z^Z^.^ZZ^ ,n, ° di9i,al si9na,s by an m c ~ 236 ' a - d *° 

roJT 40 ' S 3 S f ematic view ,or explaining a reading unit of this embodiment. In order to improve 
eadmg prec.s.on of uneven image densities of ,he test pa.terns recorded on the recording medium 202 h! 
the recording heads, color filters 220R, 220G. and 220BL are arranged on a "gh ourTe 2 ,8 on the 
L'ortd me f h iUm ^H- R ' G> B ' 3nd L ' i9ht COmp ° nen ,S ™ radia,ed °" C. M and V teJ, P a«e n : 

o^onto he C r M C Tnd vTetf r H 2 ° 2 ' 1°*' * ^ C ° mp ° nentS ° f complme" 

2°7Y and 2 f 7 BK n JT , T P , mS ' , d ferent SP8Clral sensitiviti <* of the reading sensors 2,7C, 217M 
illVr ! b6 empl °V ed in uni,s ° f '^t pattern colors. Uneven Tmage densities of the 

50 spective colors can be read by using sensors having identical spectral sensitivities. 

50 W,th the above arrangement, the press member described above can be used to prevent sheet floatino 
dur.no read,ng. A sufficient margin is formed in each color test pattern except for a read area aclallv used 
for correct,on ,n the same manner as in Fig. 37. The test pa.terns can be formed b 12 scan'na 
coTrectn 5 ' 6 reCOrdin9 head ' A Pa ' ,ern '° rmed bV ' WO SCa " ni " 9 °P- a «°- «" °* used ^L^Zsl 

* Fig. 41 is a schematic view of the third embodiment obtained when the present invention is aoolied to a 
ZlZT, yPe J ,PPara,US ' Uni '° rm ima96 Si9 " a,S are a PP" ed 10 the ^cofding heads 20 , C 20^M 20^ 
The ahn l6St Pa,temS reC ° rded °" the recordin9 medium 202 ^ a "d read signals are output as in 

the above arrangement. ,n this case, the uneven image density reading unit 214 arranged ou^e the mage 
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recording area is constituted by a line reading sensor 232 and a light source 233. 

In this embodiment, the uneven image density reading unit 214 is located to face the recording surface 
of the recording medium on the downstream side of the recording head in the convey direction (i.e., the 
direction indicated by the arrow C) of the recording medium 202, and a press member similar to the one 
5 described previously is arranged. When a test pattern recorded on the recording medium 202 is to be read, 
a distance between the recording medium 202 and the reading sensor 232 can be easily kept constant. In 
addition, only one reading sensor is required, thereby providing a compact apparatus. 

As shown in Fig. 42, R. G. B, and L color filters 234R, 234G, and 234B are arranged on the reading 
side of the reading line sensor 232 so as to correspond to the positions of the test patterns recorded by the 
10 respective recording heads, thereby improving reading precision of the reading sensor 232 for the print 
patterns of the respective colors. As described with reference to Figs. 35, 36A, and 36B, the color read 
signals from the reading sensor 232 are amplified by amplifiers 235C to 235BK, respectively, to increase 
the resolution of the read data, thereby further improving reading precision. 

Fig. 43 shows the fourth embodiment obtained by applying the present invention to a serial printer type 
is apparatus. In this embodiment, when test patterns are to be recorded on a recording medium 20 upon 
selective scanning of a carriage having recording heads 201C, 201 Y, 201 Y, and 201 BK in directions 
indicated by arrows A and B, a test pattern is recorded by each recording head every scanning cycle of the 
carriage 203. After the reading line sensor 232 reads the test pattern recorded on the recording medium 
202, the carriage 203 is scanned again, and another test pattern is recorded on the recording medium 202 
20 by the next recording head. 

According to this embodiment, by reading each test pattern recorded on the recording medium by each 
recording head in units of colors, the capacity of the RAM 219 for storing the test pattern read data can be 
reduced to 1/4, thereby further simplifying the structure of the apparatus. 

Fig. 44 schematically shows the fifth embodiment obtained by applying the present invention to a serial 
25 printer type apparatus. In this embodiment, a test pattern recording unit for causing a recording head to 
record a test pattern and an uneven image density correction unit 237 constituted by a test pattern reading 
unit are arranged outside an image recording area. 

In this embodiment, when an uneven image density state of the test pattern is stabilized after a test 
pattern is recorded on a test pattern recording sheet 231 of a test pattern recording unit by each recording 
30 head, the test pattern recording sheet 213 is conveyed to the uneven image density reading unit. 

As described above, according to the present invention, the threshold value is set variable in 
accordance with test images and print duties to accurately cause the unevenness data to correspond to 
recording elements, thereby forming accurate unevenness correction data. 

The image forming apparatus can form a high-quality image. 
35 The sixth embodiment of the present invention will be described below. Fig. 45 is a schematic view 
showing a main part of this embodiment. The same reference numerals as in the first embodiment of Fig. 
1 1 denote the same parts in the sixth embodiment, and a detailed description thereof will be omitted. In the 
sixth embodiment, a threshold value of a corresponding means 1101A is changed in accordance with a 
color of a test pattern, unlike in the first embodiment wherein the threshold value is changed in accordance 
40 with a change in print duty. A threshold change means 1101C changes the threshold value in accordance 
with a color of a test pattern. A mechanical structure and a reading system of the sixth embodiment are 
identical to those of the first embodiment, and a detailed description thereof will be omitted. 

An arrangement of a control system of this embodiment is the same as described with reference to the 
first embodiment of Fig. 24. In the sixth embodiment, an indication input unit 106 includes an on-line switch 
45 for causing the apparatus to communicate with a host unit, and can input a command representing the start 
of recording, a command representing indication of test pattern recording for uneven image density 
correction, information representing a type of recording medium, and a command indicating a head 
subjected to correction (a specific color to be subjected to unevenness correction may also be indicated or 
designated). 

so Fig. 46 shows a detailed arrangement of the above circuit and, especially, an uneven image density 

correction system. This is substantially the same as that of the fist embodiment described with reference to 
Fig. 25, except that a print duty is not input to a CPU 101 but color information is input thereto. 

With the above arrangement, the following processing is performed to more accurately perform 
unevenness correction. 

55 Fig. 47 shows an unevenness correction processing sequence of this embodiment. The same reference 

symbols as in the first embodiment denote the same steps in Fig. 27, and a detailed description thereof will 
be omitted. 
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unevenness correction In Ws^Le cvm ^.iT T k"**" °' 3 reC ° rdin9 he3d SUbjected to 
to receive information of a color . be concent * ' ^ ^ ^ be ind ' Ca ' ed 0r desi 9 nated 50 « 
5 temperature adjustment or cent' Mncen,rated * c0 - c '^- ™e flow advances to step S7 to perform 

step S10. For example when a read rt^Z n, 1 , \. accordance with set color information in 

about 0.74 for »J ^o ££^^ t TTJ^ ^ ^ * ^ °' 5 ° % ,s 9 ' Ven as 
•o vatues are 1/2 these read densitl ^ respective^ Thlf ■ i^T !' ab ° Ut ° 50 '° r yeMow ' thresn °' d 
the threshed value for cya or m~ ca be seUa 0 ZTT ^ ** Can be Set t0 0 39 ' 

0.25. However, the threshol > ZTs L Z^Xo to 1/2 The ™ Va ' Ue ^ ye "° W Ca ° be Set t0 

arbitrarily set For example whPnT«fl-t ? . . corresponding read densities, but can be 

threshold' value iT^Sy t to re«^^ * ,e,aHve,y h * h - ° aCh 

is density. $Um °' the reflect '°" density and the corresponding color read 

In step S11, predetermined test patterns are recorded with recordina hearts ir t„ , B . ,, 
image densities are read from these test patterns recording heads 1C to 1BK, and uneven 

ranged 30 a ,o a 75% Pa " em 3 ^ ha ' f ' 0ne Patter " ^ a ^ <*■ a " d a print ratio falls within the 
° cc^SS^S^S^ 8 ^ readi " 9 Pr0 — <*» ^ - — nness 

^^^^^.^^^.\T^ correction is manually set. 
correction data may be preferably^ formed for head n, ,1 embod,menl ,s '° *» Performed, unevenness 
5 set each print duty at a time As a modm C a. on l Tr C °'° rS - Ms CaSe ' i( is cumbersome to 
set to perform uZenneToonLLT embodiment, a pfurality of colors are simultaneously 

step S6 in Fig. 47 Alternatively a sin^ ilw ^ ma 9 enta ' and black can be selected in 

i shown in Fig. 9 38A „T2 ent to ^T B S """f T indiC3tin9 a " C °'° rS ma * be ar ™9ed. As 
T, and a black pattern 1,^^00^^^^ ^^tT * ^ 
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value for the black pattern T is e andl ■[ ack ~ is °' ^ ^ ^ T '' 3 threSh0ld 

selectively use the threshold values in such I mann- [hV, ^ me ' h ° dS ^ empl0yed to 

convenience. e set for eacn cycle, resulting in 

be printed 0 ^ T * a specific color head may 

optima, threshold value ma7oe set " ^ ^ UP ° n readin9 of the 

mark, and an 

M 2 * hiS emb ° dimem - A ^ M ' -W"- a b -k test pattern, and a mark 

Whl"lH ab ? Ve f h , niqU6 ' ' he threSh °' d va,U6S can be automatically set. 

J«2T^S rrJrres P o°n f s a e K "aTouTp T ^ C — °' a " 

to be performed, a uniform density is no° necessarHv ol JnZ t , I P h °' amp " flCation of a read output is 
reflection on the background of the recZ^mluTT V P ° r "° n re 9 ardless ° f colors due to 
change in color can be effec.ivelv u SP d^ t f I T' '" ,hreshold value depending on a 

perfled, the ^S^T^J^^ ^ ^ ^ ^ ad '~ - - 

the 'Co^ - Cha "" d 3CC ° rdanCe °* "*™ "owever, 

— in various den^ ^SS^'KSK S 



24 



BNSDOCID: <EP_0663296A1 J. 



# 



EP 0 663 296 A1 



ranges, and the read result may be utilized (e.g., print duties of 30%. 50%, and 75%; and an average value 
obtained upon printing of the test patterns at these duties). If read densities are different in correspondence 
with duties and a predetermined threshold value is obtained regardless of different duties, a position serving 
as a read reference of an end orifice cannot often be accurately detected. Therefore, the threshold value 
5 may be changed in accordance with the print duties. 

In the above arrangement, test patterns of primary colors are printed, and unevenness correction is 
performed. However, test patterns obtained by mixing colors may be used. 

The sixth embodiment is applicable to a serial printer shown in Figs. 39 to 44. 

According to the present invention, as described above, the threshold value is set variable in 
w accordance with colors of recording agents of heads associated with unevenness correction, so that 
unevenness data are accurately caused to correspond to the recording elements, thereby accurately 
forming unevenness correction data. 

The image forming apparatus, therefore, can form a high-quality image. 

The seventh embodiment of the present invention will be described below. Fig. 48 is a schematic view 
15 of a main part of this embodiment. The same reference numerals as in the first embodiment of Fig. 1 1 
denote the same parts in the seventh embodiment, and a detailed description thereof will be omitted. 

An offset regulation means 1091 and a gain regulation means 1092 regulate the offset and gain of a 
read means 1014. By these regulation operations, the uneven image density can be accurately read and 
corrected. 

20 This embodiment employs both the offset and gain regulation means. However, if one of the offset and 

gain is fixed or appropriately set, only the other factor can be regulated. A description of the same parts of 
the mechanical structure and the reading system as in the first embodiment will be omitted. 

In this embodiment, offset and gain regulation operations are performed prior to reading of test patterns. 
For this purpose, a first reference density sample having a high optical density and a second reference 
25 density sample having a low optical density are read. 

Fig. 49 show these samples. These samples are formed outside a recording medium convey range S of 
a reading platen 17 but inside a scanning range of a reading unit 14. A first reference density sample plate 
91 has a density slightly higher than a test pattern density (i.e., the quantity of reflected light is small), and 
a second reference density sample plate 92 has a density slightly lower than the test pattern density (i.e., 
30 the quantity of reflected light is large). In this embodiment, these sample plates are arranged outside the 
range S. However, if a recording medium is read before it reaches the platen 17, the sample plates may be 
formed within the range S. 

Fig. 50 shows a detailed arrangement of the control system of this embodiment and, particularly, an 
uneven image density correction system. Color signals 126C, 126M. 126Y, and 126BK are read by the 
35 reading unit 14 through color filters and apertures (Fig. 19). These color signals are input to an amplifier 
135. Offset adjustment and gain adjustment of the amplifier 135 are completed through signals 151 and 153 
under the control of a CPU on the basis of data obtained by reading the first and second reference density 
sample plates 91 and 92 prior to reading of the test patterns. An A/D converter 127 converts an amplifier 
output into digital data. 

40 Other arrangements of the uneven image density reading system of this embodiment are the same as 

those in the first embodiment in Fig. 25, and a detailed description thereof will be omitted. 

With the above arrangement, the following processing is performed to more accurately perform 
unevenness correction. 

Fig. 51 shows an uneven correction processing sequence according to this embodiment. A description 
45 of the same steps as described with reference to the first embodiment of Fig. 27 will be omitted. 

When injection stabilizing processing up to step S9 is completed, predetermined test patterns are 
recorded with recording heads 1C to 1BK in step Si 1, and uneven image densities are read from these test 
patterns. 

In this embodiment, however, prior to reading of uneven image densities, the offset and gain of the 
so amplifier 135 are regulated. For this purpose, a regulation processing sequence (step S10) is inserted 
between the injection stabilizing processing (step S9) and test pattern recording (step S 1 1 ) in the sequence 
of Fig. 51. 

In this embodiment, the optical density of the test pattern is given as 0.6, and the optical densities of 
the first and second reference density sample plates 91 and 92 are given as 0.9 and 0.3. respectively. 
55 These sample plates are gray. 

In processing of step S10. the reading unit 14 is moved to the position of the first reference density 
sample plate 91 having a high density (i.e., the quantity of reflected light is small) to read the density of this 
sample plate. This read signal (i.e., a signal corresponding to the signal 126Bk since the sample is gray in 
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so that a signal representing a hght reception quantity becomes zero. The amplifier 135 is arranged so that 
LIZ are / e9ulated - ,n ^ordance with the offset regu.at.on signal ,51, the offset can be 

regulated so that an output obtained upon reading of the first reference density sample plate 91 becomes 
5 ^Subsequently the reading unit 14 is moved to the second reference densfty sample plate 92 haTg a 
tow density (,.e he quantity of reflected Hght is large, to read the density of this sample plate. The gain 
regufct.cn signal ,52 ,s output to the amplifier 135 so that its read signal has a maximum output value 
Test patterns are then recorded in step S1 1, and the same processing as in Fig. 27 is performed ' 
ln ""evenness reading processing in step SI 5, in order to compensate for sensor output differences 

wuh"T z ?• 3 ? n :°: °tv?° of the coiors is ob,ained befwehand - a ^p*** ^ ■* 

:1T :* " f y ' he CPU ,0 ' in -evenness reading processing, and unevenness correction is 

performed on the basis of this product. 

This sensor output correction need not be performed by arithmetic operations in the CPU 10, but can 
be performed by a unit connected to the input of the CPU 101 

" , Wh6n ,' h H M ? C Q T er,er ,2? COmprises ' e '9" an 8 - bi ' ™ converter, an output value of each color must 
be converted ,n.o 8-b,t d.g.ta. data of the dynamic range. This is very effective against a decrease ,n 
resolution of the read data of each color. 56 n 

As shown in Fig. 52, amplifiers 135C. 135M, 135Y, and I35BK are arranged to amplify read sianals of 
the respective colors. Offset reguiation operations of the respective amplifiers ,35C ,35M .3 5 T and 
20 135BK are performed ,n accordance with signals 151C, 151M, 151Y. and I51BK, respectively At the same 

wi%r a r 52c es %TM p,i, ;s 2 s v ,35C , s ^ and ,3sbk are appropria,eiy « d ^ 

w, h signals 152C, 152M. 152Y, and 152Bk. Sensor output values of the read signals of the respective 
colors ,n F,g. 36A are matched to be almost equal to each other, as shown in Fig. 36B. The A/D conversion 

.5 in8 bTc T ° f r d H i9nalS bS r6dUCed " 3 Wh0 ' e - Theref0re ' '^resolution of the read d"a 
25 in 8 bits can be increased, and read precision can be further improved. 

Unevenness correction is performed in step S17 of Fig. 51 as in Fig 27 

In this embodiment, as described above, the standard density plates are read prior to reading of uneven 

Ss be n obSn a". ^ " 9U ' atin9 ,he „° ,fS9t and 9ain °< the amp ™- this reason, a s.abtooutpu, can 
l n " ^ T ° ,n add ' , '° n ' s ' nc e offset and gain regulation operations are performed by using standard 
fnn 1 T 7. 9 1 ^ nS '" eS C '° Se '° the unevenness correction patterns without using the perfectly white 
and black plates, a dens.ty read resolution can be greatly increased. For example, when read data s 
processed ,n units of 8 bits (256 steps), and a white plate having a density of 0.07 and a black pfate of 1 50 
a resolution per bit ,s 0.0056 (- {1.50 - 0.07}/256>. However, as in this embodiment, the gray standard 

* n ?£™ T 9 denSi ' ieS °' 0 3 3nd °* arS US6d - the reSOlution can be 'creased to 0.0023 (-{0 9- 
Z I Y * a reSU "' 3 V6ry Sma " uneven ima 9 e density can be detected and corrected, thereby 
performing high-precision unevenness correction. ' 

A modification of the seventh embodiment described above will be described below. Fig. 53 is a plan 

tz p 5°3 r,ion used in this embodiment ' The same re,erence n — ais as in - 

" mJ« f h m0di "? a ,i0n ', '° Ur S ' andard denSi,y Sample plates are yellow ' ma °- enta ' cyan, and black sample 
Referrino toFin Z- f T \ T? ^'T™ ** ^ °' 3 he3d SUbi<3Cted ,0 -evenness correction, 
^nh h- k ?k ? 3 $eC ° nd reference cyan density sample plates 91 C and 92C have densities 
slightly h.gher than and lower than that of the test pattern formed by the cyan head ,C. respectively The 

o n.ZTh'1 , re f, S h S ' Standard denSitV Samp ' e P ' a,e 9,C ' and 0,fset re 9 ulati ° n is Performed so as 

olate 92C Id P ? readm9 U The readi " 9 Uni ' 14 reads the second s( ™ density sample 

plate 92C and gam regulation ,s performed to maximize the output from the reading unit ,4. Thereafter the 
cyan head prints a test pattern as a halftone having a print duty of 50%, and the reading unit 14 reads an 
unevenness distribution, thereby rewriting the unevenness correction data of the cyan head 

S.rrularly standard density sample plates 91M and 92M, 91Y and 92Y. and 91Bk and 92Bk are of 
magenta, yellow, and black, respectively. As in the cyan pattern, the offset and gain regulation operations 

are^T eSS diS,ribU,i ° n °' " °* ^ «** ~* a " d 

» Jl'- he Se ? n,h embodiment Ascribed above, common standard density sample plates are used for the 
oo^ZS C °7 0n h r tS - F ° r ' hiS reaS0 "' ,he denSi,y °' ,he standard densi 'V P'ate having a lower 
tes To2r r h«" ^ r V 'h aVS 3 d6nSi,y S ' i9h,ly '° Wer * han that °' the -evenness correction color 
ore fe££ J 7 h 7 ^ P ' a,e havi " 9 3 hi 9 her °P« ic ^ density is 

hav nn a h ohes, TV 9 * ^ ^ ^ °' ,h ° uneve ™ ess correction cofor test pa.Lrn 

having a highest density,. In this case, a density difference between these two standard density plates 
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cannot be reduced. However, in this modification, a density difference between the paired standard density 
plates can be reduced to further improve reading precision. 

Assume that the above technique is applied to the control system shown in Fig. 50. In this case, the 
standard density sample plates of a given color are read prior to reading of the test pattern of the 
corresponding color, and the offset and gain of the amplifier 135 are regulated. When the above technique 
is applied to the control system in Fig. 52, the standard density sample plates of all colors are read in 
advance, and the offset and gain values of the amplifiers 135C to 135Bk are regulated. 

As another modification, halftone patterns formed on the recording medium 2 are used in place of the 
standard density plates. 

Fig. 54 shows unevenness correction patterns used in this embodiment. A halftone pattern 191 having a 
duty of 70% serves as the first standard density sample pattern. A halftone pattern 192 having a duty of 
30% serves as the second standard density pattern. A halftone pattern 193 has a duty of 50%. The 
recording medium 2 having the test patterns thereon is fed in the E direction in Fig. 12A. When the pattern 
191 reaches the position of the reading unit 14, the halftone pattern having a duty of 70% is read, and offset 
regulation is performed so that an output from the reading unit 14 becomes zero. 

A halftone pattern having a duty of 30% is read when the pattern 192 reaches the reading unit 14. The 
gain is regulated so that an output from the reading unit 14 becomes maximum. Subsequently, an uneven 
image density of the halftone having a duty of 50% is read while the pattern 193 is being fed. The 
unevenness correction data are rewritten, as previously described. 

With the above operation, the standard density plates need not be used, and the reading unit 14 need 
not be moved outside the range S. 

The patterns 191 and 192 are formed for only one color (e.g., Bk). Alternatively, these patterns may be 
formed for all colors, as described with reference to Fig. 53. The duties of these patterns can be arbitrarily 
selected. When unevenness correction data are to be rewritten upon reading of the halftone having a duty 
of 50%, halftone patterns having duties of 60% and 40% are used for offset and gain regulation operations, 
respectively. Reading precision can be further improved as compared with the case wherein halftone 
patterns having densities of 70% and 30% are used. 

The seventh embodiment of the present invention is also applicable to the serial printer shown in Figs. 
39 to 44. In this case, offset and gain values of a reading system including sensors 21 7C to 217BK and 
amplifiers 235C to 235BK must be regulated. 

In the above embodiment and modifications, the offset and gain values are regulated by appropriate 
halftone patterns. These operations may be performed by using the standard density plates shown in Fig. 
49 or 53. 

As described above, according to the present invention, at least one of the first and second standard 
density samples is read, and at least one of the offset and gain values of the read means is regulated in 
accordance with a read result. Stable reading and accurate uneven image density correction can be 
performed even if a simple, low-cost read means is used. 

The first standard density sample has an optical density higher than that of the test pattern, and the 
second standard density sample has an optical density lower than that of the test pattern. Therefore, 
reading precision can be improved, and a very small uneven image density can be corrected. 

The eighth embodiment of the present invention will be described below. 

Fig. 55 is a view for explaining the eighth embodiment of the present invention. 

A distribution of light reception quantity of an optical sensor which receives light reflected by a test 
pattern (J) (all the recording elements are driven by the same drive signal) in Fig. 55 is shown in (2) in Fig. 
55. When the light quantity data thus obtained is directly used, both end portions of the corrected image 
have higher densities, as previously described. When light quantity data for portions A' and B' in <^> in Fig. 
55 are set equal to those (a' and b') of the portions corresponding to the adjacent recording elements (or a 
recording element group), as shown in Q) in Fig. 55, the above drawback can be solved. More specifically, 
for example, of the light quantity distribution data stored in a memory, data corresponding to the portions A' 
and B' are converted into a* and b\ This processing can be executed by software when addresses a and £ 
of the adjacent portions, the data a' and b' of which are stored in the memory, are designated because the 
addresses of the light quantity distribution data are predetermined. 

In the eighth embodiment, light reception quantity data of a portion measured to have a lower density 
than that of the actually recorded image is substituted with light quantity data spatially equivalent to light 
quantity data free from errors. An increase in density of image portions recorded by the two end recording 
elements can be prevented. This substitution scheme cannot have a level obtained by ideal uneven image 
density correction processing by using the recording heads because actual density data of the end portions 
cannot be obtained. For this reason, an arrangement for improving this will be described with reference to 
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the ninth embodiment as follows. 

Fig. 56 is a view equivalent to Fig. 55. In the ninth embodiment, as is apparent from <3> in Fig 56 light 
quality data of portions A' and B' susceptible to a flare influence are substituted with values estimated' from 
data close to - and 0. More specifically, the light quantity data of the portions A" and B" are linearly 

coZZTl " ^ T! h ° d °' ' eaSt SqU3reS ' and the reSU " ant Nne is ^-Polated to obtain data as 
corrected light quantity data. 

With the above processing, uneven image densities of the flared portions A' and B' can also be 
corrected to some extent. 

In the ninth embodiment, the light quantity data of the portion susceptible to the flare influence is 
' obt'aTned SPa ' ia " y C '° Se ^ ** **** embodimen, • a more accura 'o estimated value can be 

A light quantity distribution obtained by reading a test pattern recorded at a predetermined print duty is 
shown ,n <D of F,g. 57. A light quantity distribution obtained upon reading of a test patch (i e a patch 
having no uneven image density by controlling an optical density: the patch is obtained by a printing 

a?m?s '° e n a ,?aT,n t r, 6 lh °' , the P3tCh IS eqUa ' tD ' hat °' ' he 3b0Ve teS ' pa,tern > havi "9 an optica, density 
almost equal to that of the test pattern recorded at the above print duty is shown in <g> in Fig 57 

the ^T^TnjT iS h[ CalCulated b * " si "9 the above-mentioned algorithm using data obtained such that 
the data obtained by subtracting an offset component from the light quantity distribution data of <g> of Fiq 

A' in*' R. h I 3 f ^ 9iVen 35 3 P redetermined val "e of "0" because portions except for the portions 

A and B have a predetermined density) is subtracted from the light quantity distribution data © The 

inform T *' B ' ® ^ 57 c °" espond >° a " influence amount and an unnecessary 

information amount rem the recording medium. In practice, the above test patch is read, and data obtained 
by subtracting an offset component from the read data is stored (apparently, only the portions A' and B' are 
required)^ The -value stored in the memory is subtracted from the data of the portions A' and B- of the light 

l~ ^rT h data ° bt f ed U6 ° n readin9 ° f the ,6St Pattem - That iS - a " ""necessary informal 
inTn^tn , ,h V reC ° 9 P ° rti0n iS St ° red advance and is »WractBd from the read density 
nrnrnn It H Z ^ accuratel V oblain >»9 actual density information. This scheme is also 

incorporated in the present invention. 

,„ n! y ,h USi ? "I! T^"' li9ht qUan " ty dis,ribution data ' ""even image density correction is performed 
using he algorithm described above. The uneven image density of this portion can be properly corrected 
without causing an undesirable increase in density at two end portions of the image. In the calculation using 
CP of Fig. 57 uneven image density correction processing using, as an uneven image density quantity a 
difference between the density data of the area A' in ® and the density of the area A" in % as the 
limaed to tTZ J^-^TT'^t ^ embodiment ' The rec °rding medium background is not 

nTr lrn ° k t T ^ FOf 6Xample ' Wh6n three ,est pat,ems are Printed and only the central 

tenth 1 h h r ? P e ° f ' he ei9h,h l ° tenth em b°diments can be employed. In particular, in the 

(".her Stated ' " Pa " ern '° rmed "* " > ™ t * " 3 Uni '° rm denSi,y da,a pa,tem ' and the ca '™ la «°n is 

The present invention is not limited to the particular embodiments described above. Various erroneous 
information elimination means can be employed. 

», th T n 6 m , e t C h hanic f and the reading systems of the eighth to tenth embodiments are the same 

as those of the first embodiment, and a detailed description thereof will be omitted. The control system and 
the unevenness correction sequence are basically the same as those of the first embodiment of Figs 25 
and 27, as shown ,n Figs. 58 and 59, and a detailed description thereof will be omitted 

According to the present invention, as is apparent from the above description, of all the test pattern 

JZT mh V h fead meanS ' denSiUeS ° f ,he p0rti0 " s rec °' ded b V the end recording 

elements of the recording element array are corrected by the end correcting means, so that the density ol 

be o^L7, k T° S 1 T' '° ' hat ° f ' he Cen,ra ' P ° r,i0n additi0n - accurate densit V information can 
Z tZT h me ,eS ' P3,tern ,0 be read ' ln " UenCes caused b * < he background density of 

the recording medium and ad,acent erroneous information except for the test pattern can be eliminated 

J* 3 '? ' Un ! Ven ima9e denS " y correction is Performed on the basis of the corrected read values 
2 JnZ , 'T- ° rmati ° n iS per,ormed °n '"e basis of this. In this case, the image end portions are 
prevented from being recorded at a low or high density. 

n Prf n inC H C ° r H ";!i 0n ^ b3SiS °' ' he 3CCUra,e d6nSity inf ° rmati °n of the end portions can be accurately 
performed and he target reference values can be accurately set by utilizing the present invention both 

performed 0 " ** ^ UneVSnneSS COrreC,ion and discrimination of a boundary can be 

The eleventh embodiment of the present invention will be described below. 
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Fig. 60 is a schematic view showing a main part of this embodiment. The same reference numerals as 
in the first embodiment of Fig. 1 1 denote the same parts in the eleventh embodiment of Fig. 60, and a 
detailed description thereof will be omitted. 

Referring to Fig. 60, an uneven image density read means 1014 reads a test pattern formed on a 
5 recording medium 1002 by a recording head 1001 so as to correct an uneven image density of the 
recording head 1001. The uneven image density read means 1014 includes a light source 1062 for 
illuminating light on the surface of the recording medium, a sensor 1073 for receiving light reflected by the 
surface of the recording medium, and an appropriate converter. The uneven image density read means 
1014 is mainly scanned in a direction corresponding to the orifice array direction of the recording head 
w 1001. An uneven image density correction means 1020 corrects drive conditions of the recording head in 
accordance with uneven image densities read by the test patterns. A platen 1017 regulates the recording 
medium flat at a test pattern read position. 

A means 1077 determines a read range at each main scanning position on the recording medium 1002 
read with the reading sensor 1073. The means 1077 is constituted by a member having an aperture having 
15 an appropriate size in front of the light-receiving surface of the sensor, or by a light-receiving surface itself 
having an appropriate size. 

The mechanical structure, the reading system, the control system, and the unevenness correction 
sequence of this embodiment are basically the same as those of the first embodiment, and only different 
parts will be described below. 
20 The reading system of this embodiment is the same as that shown in Figs. 13 to 15. In this 
embodiment, the read range at each scanning position is appropriately determined so as to eliminate the 
following drawback. 

When the length in the direction corresponding to the recording element array direction within the read 
range (i.e., the main scanning direction G of the reading unit in this embodiment, that is, the direction 

25 perpendicular or almost perpendicular to the moving direction E of the recording medium) is large, read 
signals reflect the recording characteristics of a large number of recording elements. For this reason, fringe- 
like uneven image densities having high spatial frequencies cannot be detected. In this case, the length in 
the main scanning direction is preferably small. When the length in the E direction is not sufficiently large, 
the uneven image densities cannot be accurately read due to an influence by a difference in dots recorded 

30 during the read area at the respective scanning positions of the reading unit 14 and by a shortage of the 
light reception quantity of the sensor. 

As shown in Fig. 61, assume that read area dimensions in the main scanning direction and the sub- 
scanning direction are given as do and di which can solve the above drawback, and that condition do < di 
is obtained. In order to determine the dimensions of the area, the size of the light-receiving surface of the 

35 sensor is appropriately set in this embodiment. For example, in a recording head having 4736 orifices and 
operated at 400 dpi. the uneven image densities can be considerably accurately read under the conditions 
that do = 0.8 mm and di = 2 mm. The size of the light-receiving surface can be appropriately determined 
in accordance with these conditions. In this embodiment, the light-receiving surface has a rectangular shape 
defined such that the length of the light-receiving surface of the sensor in the sub-scanning direction is 

40 larger than that of the main scanning direction. 

By using the sensor 73 having the light-receiving element having a sub-scanning length larger than a 
main scanning length, the above problem as inaccurate reading of the uneven image density can be solved. 
Therefore, the uneven image densities can be properly corrected, and a high-quality image can be 
obtained. 

45 In this embodiment, since correction precision is determined by the main scanning length of the light- 

receiving surface of the sensor 73, it is difficult to correct an uneven image density having a period smaller 
than the main scanning length. As a modification of this embodiment, in order to cope with this problem, a 
sensor itself has a light-receiving surface having a predetermined large size, e.g., 2 mm in the main 
scanning direction and 2 mm in the sub-scanning direction. At the same time, an aperture member having a 

so main scanning length of 0.25 mm and a sub-scanning direction of 2 mm can be arranged just in front of the 
light-receiving surface. 

By arranging this member, uneven image densities having higher spatial frequencies can be corrected. 
When the sub-scanning length of the mask is larger than the main scanning length, problems caused by a 
difference in dots and a shortage of light quantity are not posed. 
55 An arrangement capable of more accurately reading an uneven image density than the above 

modification will be described below. In this case, the arrangement of a reading system is equal to that of 
the above modification. In this embodiment, however, scanning of the reading unit is not limited to once. 
After the first scanning is performed, the test pattern is shifted by 2 mm (i.e., a sub-scanning length of the 
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thereby improving unevenness readino nrpri^inn nJ a aecreased - but the dynam.c range ,s w.dened, 
> described above 35 ™ SK and " S Shape and size <=an be determined as 

The twelfth embodiment of the present invention will be described below 

is no. applied to a downstream side in the convey direction ' ° reC ° rd ' n9 3r6a and 

posi«on, tioatin, oT^jr^S^ ^ ^ ~ 

fo rm T s h ; s f z m x: a :;:z™z i^ts % r n v:v attem r ,s of co,ors - dependi - 9 - 

with the uneven image density read means .0,4 In S r!J ? h P ""^^ m " y be inte9ra " y f0rmed 
accordance with the Thickness of !he record nl medium 002 J m ^ T ^ * dis P laceable >» 
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The mechanical structure, the reading system, the control system, and the unevenness correction 
sequence are basically the same as those of the first embodiment, and a detailed description thereof will be 
omitted. 

According to the present invention, as described above, since uneven image density reading which 
5 inhibits floating of the recording medium can be performed, an accurate, stable reading operation can be 
performed. Therefore, precision of uneven image density correction can be improved. 

The thirteenth embodiment of the present invention will be described below. Fig. 63 is a view showing a 
mechanical structure of this embodiment. The same reference numerals as in Fig. 39 denote the same 
parts in Fig. 63, and a detailed description thereof will be omitted 
w Referring to Fig. 63, an uneven image density reading unit 214 reads test patterns printed on a 
recording medium 202 upon application of a uniform image signal to recording heads 201 C to 201 BK and 
outputs read signals. In this embodiment, the uneven image density reading unit 214 is fixed on a main 
scanning belt 210 through a holder 244 and performs reading on a platen 207. In this case, the recording 
heads and the reading unit are interlocked, so that a distance therebetween is kept to be a predetermined 
15 distance. This distance is determined not to cause the reading unit to receive an influence of an ink mist 
flying from each recording head. If this influence can be effectively eliminated, the reading unit may be 
mounted on a carriage 203. 

In this embodiment, the recording medium 202 on which test patterns are recorded is illuminated with a 
light source 218, and recording densities of the test patterns recorded on the recording sheet by the 
20 respective recording heads are read by sensors 217C, 217M, 217Y, and 217BK. 

A control system of the above apparatus by connecting the respective components described above 
will be described below. 

Fig. 64 shows an arrangement of the control system. The same reference numerals as in Fig. 24 denote 
the same parts in Fig. 64, and a detailed description thereof will be omitted. 

25 A head driver 112 drives ink injection energy generation elements of a recording head 201 (the heads 

201 Y. 201 M, 201 C, and 201 BK are collectively referred to). A temperature regulation unit 113 performs 
temperature regulation of the recording head 201. More specifically, the temperature regulation unit 113 
includes a heater and a cooling fan arranged for a head 1 . A driving mechanism 111 for recovery device is 
connected to a CPU to drive a recovery device 220. A recording head and reading unit scanning 

30 mechanism 115 includes a motor 206 for scanning the recording heads and the reading unit. A recording 
medium convey system drive unit 16 drives a motor 208 for driving a recording medium convey system. 

Of the above units, the system for correcting the uneven image density is basically the same as that 
shown in Fig. 25, and a detailed description thereof will be omitted. 

The unevenness correction sequence of this embodiment is basically the same as that of Fig. 27, and a 

35 detailed description thereof will also be omitted. 

Fig. 65 shows a recording medium 2' used for reading unevenness correction in this embodiment. This 
recording medium corresponds to that shown in Fig. 28. The recording medium 2' has unevenness 
correction patterns 20 of the respective colors recorded hereon, and a recording medium density identifica- 
tion mark 25. The density identification mark 25 corresponding to a type of recording medium is printed in a 

40 leading margin of the recording medium. The identification mark 25 is read by the uneven image density 
reading unit 214 prior to reading of the unevenness correction patterns at the time of their reading. 

Fig. 66 shows recording of an injection stabilizing pattern and corresponds to Fig. 31. A pattern (g) 
serves as an injection stabilizing pattern. Patterns (§) serve as patterns for checking the presence/absence 
of non-injection (the orifices are sequentially driven from an end orifice while the recording heads are being 

45 scanned, thereby forming these patterns). Patterns © serve as test patterns. The injection stabilizing 
pattern is obtained by driving all the orifices of all the recording heads at a print ratio of 100%. When this 
injection stabilizing pattern is recorded, the head temperature can be stabilized, and an ink supply system 
can be kept in a stable state, thereby satisfying all conditions for normal recording. The presence/absence 
of injection errors and the uneven image densities can be accurately detected in an actual recording state. 

so Operations for recording test patterns and reading uneven image densities of the recorded test patterns 
according to this embodiment will be described below. 

Fig. 67 is a timing chart showing an operation of the apparatus of this embodiment and corresponds to 
Fig. 33. An uneven image density correction processing sequence is started at a timing a in Fig. 67. When 
this sequence is completed, the recording medium 202 is conveyed to an image recording area at a timing 

55 b. A main scan motor is driven at a timing c. The drivers for the cyan, magenta, yellow, and black recording 
heads 20 1C, 20 IM, 201 Y, and 201 BK are driven at timings d, e, f, and g, respectively, thereby recording 
the test patterns on the recording medium 202. These test patterns are used to read uneven image 
densities. In this case, all lines represented by the unevenness correction table have a gradient of 1 .0, and 
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movement during recording or any other operation to clean the surface of the protective means. Upon 
movement of the carriage during recording or the like, the surface of the protective means is free from ink 
mists, paper dust, and other foreign substances. The means 247 may take any appropriate form or a 
cleaning mode in place of the blade. For example, in order to perfectly remove ink mists and the like 
5 solidified on the surface of the protective means, an ink solvent or any other cleaning solution may be 
applied to the surface of the protective means at the time of image reading to facilitate removal of the 
solidified ink and the contamination substances, and then they may be wiped out by a blade or the like. 

Fig. 71 is a side view showing an arrangement of the reading unit according to this embodiment. Since 
the reading unit 214 is connected to a main scanning belt 210 through a holder 244, the reading unit 214 is 

w reciprocated together with a carriage 203 in the main scanning direction in the normal recording mode. In 
order to prevent light-receiving elements 232 arranged in a read sensor 217 (sensors 217C to 217Bk are 
collectively referred to) and a light source 218 (constituted by a lamp 233 and a filter 220) from being 
contaminated by ink mists and the like, the light-receiving elements 232 are held in a housing 245a, and the 
lamp 233 and the filter 220 are held in a housing 246a. Transparent members such as glass windows 245b 

is and 246b are arranged at optical path portions of the housings 245a and 246a, respectively. 

Contamination of the optical system with ink mists, paper dust, and water droplets within the apparatus 
can be prevented by the glass windows serving as the protective members, and the cleaning means, 
thereby preventing long-term deterioration of the uneven image density reading unit. 

The control system, the unevenness correction sequence, and the like of this embodiment are the same 

20 as those of the thirteenth embodiment, and a detailed description thereof will be omitted. 

With the above arrangement, unevenness reading processing as previously described can be per- 
formed. Uneven image densities of the test patterns recorded in units of colors are read, and unevenness 
correction data for the respective heads can be rewritten. In this case, the glass windows 245b and 246b 
are engaged with the blade 247 during carriage movement in the recording mode, and the surfaces of the 

25 glass windows 245b and 246b are wiped out and cleaned by the blade 247, thereby preventing degradation 
of reading precision. That is, high reading precision can be maintained without providing any specific 
cleaning sequence. However, when the glass windows are cleaned by applying the cleaning solution or the 
like, as described above, it is effective to engage the cleaning solution applying means with the glass 
windows during movement of the carriage. Alternatively, such cleaning may be performed during only 

30 reading. In this case, if this operation is performed by utilizing the fixing stabilization wait time, the total 
processing time for unevenness correction will not be prolonged. 

Fig. 72 is a schematic view showing the sixteenth embodiment of the present invention. This 
embodiment is obtained by arranging a cleaning means 247 in the fourteenth embodiment of Fig. 69. The 
same effect as in the fifteenth embodiment can be obtained in the sixteenth embodiment. 

35 The type and size of the reading sensor of the reading system and scanning relative to test patterns are 

not limited to the ones described above. For example, a single aperture type sensor for reading reflected 
light of a predetermined range may be used as the sensor of this embodiment. Alternatively, a line sensor 
such as a CCD having reading elements arranged in correspondence with the array range of recording 
elements may be used. In this arrangement, a plurality of read elements are caused to correspond to one 

40 orifice, and an average value of the read values is preferably caused to correspond to one orifice. 

As a means for protecting the light source, the sensor, and the like from contamination caused by ink 
mists, the separate housings each with a glass window need not be used. An arbitrary arrangement can be 
employed. For example, light-transmitting protective means are formed for a lamp (at least its light-emitting 
portion), a sensor (at least its light-receiving portion), and a filter (at least its filtering portion), and all these 

45 components can be simultaneously cleaned. If contamination of any one of the members does not pose any 
problem, the protective means for the member not susceptible to contamination may be omitted. Alter- 
natively, the entire reading unit may be stored in a single housing, and a protective means such as a single 
glass window may be arranged in this housing. 

According to the present invention, as has been described above, the protective means having an 

so optical path portion as a light-transmitting portion is arranged in the read means, and at least this light- 
transmitting portion is cleaned. Therefore, inconvenience occurring in the read means, such as ink mists, 
can be eliminated to protect the read means. Therefore, accurate reading and accurate unevenness 
correction can be performed. 

The seventeenth embodiment of the present invention will be described below. Fig. 73 is a view 

55 showing a mechanical arrangement of this embodiment. The same reference numerals as in Fig. 63 denote 
the same parts in Fig. 73, and a detailed description thereof will be omitted. 

A shutter switching unit 250 opens or closes a shutter serving as a protective means for a reading unit 
214 (to be described later with reference to Fig. 74). This switching unit 250 opens the shutter during only 
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Reading processing on the basis of the above arrangement will be described with reference to Figs. 78 
and 79. More specifically. Fig. 78 is a view for explaining processing for finely controlling a positional 
relationship between an image area and a read sensor, and Fig. 79 is a flow chart showing a reading 
processing sequence of one correction processing cycle. 

5 Preliminary reading is performed in step Sill. Each test pattern image recorded on the recording 

medium 1007 is scanned at a rate set as an initial value, and this image is read at a sampling pitch (reading 
pitch) set as an initial value. In step S1 12, it is determined from a sensor output whether an image area is 
subjected to aberration from a predetermined position. For example, as a result of reading, when sensor 
outputs are given as in (J) of Fig. 78, i.e., when a waveform of sensor output levels in units of sampling 

10 pitches is given by level 0 for output 0, level 1 for output 1 , level 3 for output 2, and level 4 for outputs from 
output 3, this waveform is subjected to aberration from an ideal sensor output waveform shown in 0 of Fig. 
78. It is thus determined that the detected image area is subjected to aberration from an ideal image area. 
In this case, the flow advances to step S113. An aberration quantity at an image end and an aberration 
quantity of a sampling start point are calculated as fine control amounts of the motor control clock and the 

/s taking in clock on the basis of the sensor output waveform subjected to aberration. These fine control 
amounts are set as clock offset amounts of these clocks in step S114. If no aberration is found in an image, 
this offset quantity is reset to zero in step S1 17. 

When these offset quantities are completely set, the two offset quantities for these reference clocks are 
added to each other with respect to the sampling fine control device 1010 and the motor clock. In step 

20 S116, the reading unit 1014 is scanned using the motor clock sum, and reading for normal correction is 
performed using the read clock sum. A relationship between the sensor outputs and the image area is given 
as 0 of Fig. 78. 

By using the above processing, even if print area aberration occurs due to paper aberration, the same 
image area can be sampled under the same condition. In particular, since uneven image density correction 
25 must be performed a plurality of times, recording elements are specified on the basis of sensor outputs to 
perform appropriate correction without depending on paper and print positions even if the sensor has a 
large aperture and a low resolution. 

Figs. 80 and 81 are a schematic view and a block diagram, respectively, showing an image reading 
system according to the twentieth embodiment of the present invention. The same reference numerals as in 
30 Fig. 77 denote the same parts in Figs. 80 and 81, and a detailed description thereof will be omitted. 
Referring to Figs. 80 and 81, a sampling timing control device 1012 comprises a sampling clock production 
circuit 1012A (Fig. 81) and a sampling timing signal generator 101 2B (Fig. 81). 

An operation of this reading system will be described with reference to a description with reference to 
Fig. 82 and a flow chart of Fig. 83. 
35 As shown in the flow chart of Fig. 83, preliminary reading is performed in step S 1 2 1 as in the 

nineteenth embodiment. 

It is determined in step S122 whether an image area is proper or subjected to aberration from the ideal 
image area. If image area aberration is detected in step SI 22, sampling is performed at a position 
subjected to aberration from a predetermined position. A sensor output given as (J) of Fig. 82 is obtained in 

40 accordance with a positional relationship between the sensor aperture and the sampling print area. A 
correspondence between the print area and the sensor outputs becomes unclear. For this reason, in step 
S123, output level data in an order of sensor outputs taken in a RAM of an arithmetic operation unit are 
calculated by a CPU in accordance with a program stored in a ROM. In step SI 24, a time offset quantity is 
set. This offset time is added to time represented by a start sensor output by the sampling timing control 

45 device 1012. Optimal reading is performed within the corrected time in step SI 26. As a result, a positional 
relationship between the sensor aperture and the print area is given as 0 of Fig. 82. Therefore, a sensor 
output has a clear end of the print area. 

The reading sensor is exemplified by a sensor having an aperture. However, the present invention is 
also applicable to a reading unit using, e.g., a CCD. 

so The arrangements described with reference to the first embodiment of Figs. 12 to 38B are applicable to 
the nineteenth and twentieth embodiments. 

According to the present invention, aberration values of the read position of the reading sensor and the 
positions of the read test patterns from predetermined positional relationships are obtained in accordance 
with a read result from the reading sensor for reading the test patterns. The read position of the reading 

55 sensor is corrected on the basis of the aberration values, so that the test patterns can be read in 
accordance with the above predetermined positional relationships. The read result can be caused to 
correspond to each position within the test pattern. That is, the read result can be caused to correspond to 
each of the plurality of recording elements. Therefore, optimal correction can be performed in units of 

35 

BNSOOCID: <EP 0663296A1 I > 



EP 0 663 296 A1 



15 



20 



40 



45 



50 



55 



recording elements. 

has rK^^^-rzsi' ,ow ' cost simp,e — « * ~«* 

^^T^J^^J^ «** * — by a p.urality o, dots to print 
changing ,he number of recording doTLZ ' T"' * ,i6S ° r print densities ca " be set by 

"xtrs : r - —f r™ isysr - ■ - — 

Each embodiment described above IZm^fL a t 1 . ? ° Perati ° nS ° f Print du,ies ' 
processing in units of in.ection ene geZlon lZl T e , mbodi ™"< <°' Performing correction 
processing time of the density unifor^ng proceTsl a^tatn T ■ 3 conver 9ence state and 

be performed for a plurality of pmtetermZT^Z? . ^'deration, common correction may 

the above consideration, JL^^^ i ^^ t T aaMn e " erBy 9eneration elemen,s - Edging from 
Plurality of elements of a large number o iniect^ J * P in mi,S °' bl0Cks each ^ti^ of a 

bloc, driving scheme is a knoJ^ e cT^^,^^ ? m6n,S °' ,he ' eC0 ' d '°° head This 
uniforming densities to be corrected are assured ^ " driVe COndi,ions ca P ab 'e of 

formed integrally with a recording head 1 Qemem °' F,Q - 25 or a tes t P a "ern data generating means 

.he £ :^^^^^^^f — e in combinat.on of a reader or 
image output terminal of data P'oceLnTe^Zn^Tj ' ^ addiHon to an 

an image read means (reader) as anZiaZZTlnn . C ° mpUter ' Par " CU ' ar ' in ^uipment having 
image forming means can a.so serve as" read ZTs^Zl^ 3 C ° Py ' n9 ° r faCSimHe maChine ' ^ 

The above embodiments exemplify Langemems o soil UneVen . °' 
arrangements are not essential to the present inven Zn > 9 W °' ,eChniCa ' problems - A " the ^ 

arbitrarily selected to arrange a desired appatatu lnd se, IT h " P ' Ura ' i,y °' dements can be 
arrangement can be obtained. — - *« a aes.red even density level, a more preferable 

appr:. STcoS^.": s^srr r e is inc °~ d - - ^ <°-»9 

present invention is no, ,imi,ed to sue a correct* T ta T^ T '7^ appara,us ' How ^r. the 

device may be arranged independently of he imao Lm ^"'^ Th ' S C ° rreC,ion da,a Production 

dentfy of the image forming apparaa , i 8 used t T2 V, 9 aPPara ' US ' thiS Case ' a device ^epen- 
stored in a ROM. The corresponding heads and his ROM ""T"" 653 C ° rreCti ° n da ' a ' a " d these data 
The present invention brings about excenent e ec.soaZ^ m ° Un ' ed °" appara,us 

,nk t TTm:*-i r a heat ene ^ -^^n^'^r 0 head ' recordin9 device ° f 

^ by use o, the basic 

applicabfe to either of the so-called on-deman^ype and ,h! cnnf- ' " Preferred ' Th ' S SyStem is 
on-demand type is effective because, by applying at !eas one H T' Particular ^ lhe «*• of the 

elevation exceeding nucleus boiling correspondL o ^h 7 ^ ^ 9>VeS rapid temperature 

converters arranged corresponding to the sheets or 1^ T ? 9 J" f ° rma "° n °" a " el ^rici ty -hea. 
generated at the electricity-heat converters ,n P ,l t , r, k ■■ h °' din9 liquid (ink) ' heat e "ergy is 

head, and consepuently £ b J^^ ^ °' - ^ 

drive s,gnals. By discharging the liquid link) thrnnnh =»! „ f d corres P 0 "d'ng one by one to the 

the bubble, at least one T droplet s formed Bv ml T'"? dischar 9 in 9 b V 9rowth and shrinkage of 
shrinkage o, the bubble can Te< ecfed instant y and'Tdelfir 6 ! Si9na ' S PU ' Se Shap6S ' a " d 
'"Q of the liquid (ink) particu.arly exceMent ^ esponse 2rf ' t °,. aCC ;i 0mplish mor e preferably discharg- 
shape. those as discfosed in U S Paten T*W 359 Z t Z^o * *" S ' 9na ' S °' Such P uls « 
can be performed by employment of the Condon! a desert inU ^P^' 

orifice, liquid channel. 1^"^ combination constitutions o, discharging 

-losed in the 



25 



30 



36 

BNSDOCtD: <EP 0663296A1_I_> 



• 



EP 0 663 296 A1 



4,558,333. 4,459,600 disclosing the constitution having the heat acting portion arranged in the flexed region 
is also included in the present invention, tn addition, the present invention can also be effectively made the 
constitution as disclosed in Japanese Patent Laid-Open Application No. 59-123670 which discloses the 
constitution using a slit common to a plurality of electricity-heat converters as the discharging portion of the 
5 electricity-heat converter or Japanese Patent Laid-Open Application No. 59-138461 which discloses the 
constitution having the opening for absorbing pressure wave of heat energy correspondent to the discharg- 
ing portion. 

Further, as the recording head of the full line type having a length corresponding to the maximum width 
of recording medium which can be recorded by the recording device, either the constitution which satisfies 
10 its length by combination of a plurality of recording heads as disclosed in the above-mentioned specifica- 
tions or the constitution as one recording head integrally formed may be used, and the present invention 
can exhibit the effects as described above further effectively. 

In addition, the present invention is effective for a recording head of the freely exchangeable chip type 
which enables electrical connection to the main device or supply of ink from the main device by being 
J5 mounted on the main device, or for the case by use of a recording head of the cartridge type provided 
integrally on the recording head itself. 

Also, addition of a restoration means for the recording head, a preliminary auxiliary means, etc. 
provided as the constitution of the recording device of the present invention is preferable, because the 
effect of the present invention can be further stabilized. Specific examples of these may include, for the 
20 recording head, capping means, cleaning means, pressurization or aspiration means, electricity-heat 
converters or another heating element or preliminary heating means according to a combination of these, 
and it is also effective for performing stable recording to perform preliminary mode which performs 
discharging separate from recording. 

Further, as the recording mode of the recording device, the present invention is extremely effective for 
25 not only the recording mode only of a primary color such as black etc., but also a device equipped with at 
least one of plural different colors or full color by color mixing, whether the recording head may be either 
integrally constituted or combined in plural number. 



Claims 

30 

1. An image forming apparatus comprising: 

reading means (1014) for reading a density of a test pattern which corresponds to each of a 
plurality of recording elements of a recording head (1001), the test pattern being recorded by said 
plurality of recording elements of said recording head; 
35 eliminating means for eliminating error information, received from an area outside a test pattern 

area, from density information obtained by said reading means when a density of a test pattern end 
portion corresponding to an end portion of an array of said plurality of recording elements is 
determined; and 

means for making uniform the image densities of said plurality of recording elements on the basis 
40 of density information from which the error information has been eliminated by said eliminating means. 



2. Apparatus according to claim 1 comprising: 

a recording head (1001), having a plurality of recording elements constituting an array, for 
performing image formation on a recording medium; and 
45 test pattern formation control means for causing said recording head to record a predetermined test 

pattern; 

and wherein the means for making the densities uniform comprise read value correcting means for 
correcting the read value of a given portion associated with a read value of a portion adjacent to said 
given portion, said given portion corresponding to an end portion of said array of said plurality of 
so recording elements; and 

drive correcting means for correcting drive conditions of said recording head on the basis of the 
end portion value corrected by said read value correcting means and the read value of a portion except 
for the end portion. 

55 3- Apparatus according to claim 1 or claim 2 and including means for setting a size of a read range of the 
test pattern at a main scanning position such that a sub-scanning length is larger than a main scanning 
length; the 

correcting means utilising the basis of the read result to correct recording head drive conditions. 
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4. Apparatus according to any preceding claim, wherein each of said plurality of recording elements of 
said recording head has an orifice for injecting an ink. 

5. Apparatus according to claim 4, wherein said each recording element comprises heat energy generat- 
ing means, arranged in correspondence with each orifice, for causing a change in state of the ink by 

dSet njeCt,n9 fr ° m ° rifiCe 00 b3SiS ° f Chan9e in StatG * and f ° rmin9 a f,yin 9 in * 

6. Apparatus according to any of claims 1 to 5, wherein said recording head is of a serial scanning type. 

7. Apparatus according to any of claims 1 to 5, wherein said recording head is of a full-line type. 
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